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- CHAPTER 1 -
INTRODUCTION
Biodiversity is no frill - it is life and all that sustains life.
-Noss (1991)
The Struggle to Maintain Native Biodiversity
The variety and variability of living organisms that inhabit the earth 
and the processes necessary to sustain these life fo rm s are 
co llec tive ly  referred to as biological d iversity (b iodiversity) (U.S. 
Congress, 1987). Many within the sc ientif ic  and conservation 
com m unity believe we are in the midst of a b iodiversity crisis. 
Habitat destruction (physical reduction and chemical contamination 
of su itab le habitat), over-explo itation (e.g., hunting, fish ing, pet 
trade, trapping), and introduction of non-native species have all 
contributed to the simplification of ecosystems and the extinction 
of species at an unprecedented rate. A 1987 federal report stated 
the sobering reality that, “Natural ecosystem diversity has declined 
in the United States historically, and no evidence suggests that this 
long-term trend has been arrested.” The report continues, “Twenty- 
th ree  ecosystem  types tha t once covered  abou t ha lf the 
conterminous United States now cover only about 7 percent.” (U.S. 
Congress, 1987, p.66).
No one knows the magnitude of the crisis, but as E.O. Wilson (1992) a 
noted biologist explains:
Biologists cannot tell in absolute terms because we do 
not know to the nearest order of magnitude how many 
species exist on earth in the first place. Probably fewer 
than 10 percent have even been given a scientific name.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
We cannot estimate the percentage of species going 
extinct each year around the world in most habitats, 
inc lud ing coral reefs, deserts, and a lp ine m eadows 
because the requisite studies have not been made, 
(p .255).
Although the loss of biodiversity has been acknowledged as an 
important issue for many years, it is only recently that we have 
come to recognize the inherent d ifficulties associated with trying 
to preserve native biodiversity.
Our incomplete understanding of the severity of the crisis coupled 
w ith  the va rie ty  of v iew po in ts  regard ing  the necess ity  of 
maintain ing native biodiversity have hampered efforts to develop 
and im plem ent e ffective  conservation s tra teg ies  that maintain 
native  b io d ive rs ity  over the long-te rm . N eve rthe less , the 
b io d ive rs ity  cr is is  is the ra lly ing po in t a round  w hich  most 
biological conservation efforts are now focused {Scott et al., 1993). 
E conom ic , p o li t ica l,  and soc ia l im pe tus  to p ro te c t na tive  
biodiversity appears to be growing and the importance of collecting 
sound ecologica l in formation is now recogn ized as a crucia l 
component in the struggle to safeguard biodiversity (The Keystone 
Center, 1989).
Bruce Babbitt, Secretary of the Interior, for instance, recently 
called for the formation of the National Biological Survey (NBS) to 
help avoid, “the economic and environmental ‘train wrecks’ we see 
scattered across the country...the National Biological Survey will
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
unlock information about how we protect ecosystems and plan for 
the fu tu re .” (National Research Council, 1993, p.vii). One of the 
primary purposes of the NBS as stated by the National Research 
Council is to “find ways to preserve the nation’s biological heritage. 
Achieving this goal requires extensive information on the current 
status and trends in distribution and abundance of species and on 
relationships among species, and an understanding of the ecological 
processes on which they depend.” (National Research Council, 1993, 
p.3).
The maintenance of native biodiversity requires a combined approach 
that addresses many challenges sim ultaneously. The goal of 
conservation efforts is not to maintain an environment that sustains 
maximum numbers of species, but rather native species in naturally 
occurring patterns of abundance (Noss, 1983). Noss (1987a) 
iden tif ies  four basic stages in the conservation  process: (1)
c lass if ica tion ; (2) inventory; (3) eva luation  ( inc lud ing reserve 
selection); and (4) protection and management (stewardship). At 
every step in this process, a complex array of social, political, and 
economic forces interact to influence the ultimate outcome of our 
conservation  efforts.
The ob jec tive  of my p ro fess iona l paper is to exp lo re  the 
c lassifica tion stage of the conservation process, specifica lly, the 
c lassification of vegetation as a tool for improving our ability to 
maintain native biodiversity on a landscape level. The audience for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
my p ro fess iona l paper is land m anagers  and m em bers of 
conservation organizations.
My efforts are primarily focused on federally owned lands. There 
are several reasons for this; (1) federal lands comprise one-third of 
the na tion ’s land area and contain more than one-ha lf of all 
w ildlands, deserts, alpine areas, and shrublands in the country; (2) 
federal land contains more than one-third of all federally  listed 
endangered and threatened species; and (3) many important laws and 
policies that offer protection to species are primarily applicable on 
public lands (The Keystone Center, 1989). This does not imply that 
the way privately owned land is managed is unimportant. On the 
contrary, it is essential that conservation strategies be developed 
and applied to these lands as well. However, it is beyond the scope 
of this paper to explore the implications of incorporating private 
land owners into the conservation process.
I have further narrowed the scope of my paper by focusing on the 
federal lands of Montana and Idaho for the following reasons: (1) 
these lands contain some of the largest remaining tracts of unroaded 
and relatively pristine wildlands in the lower 48 states; (2) efforts 
are currently underway to develop vegetation classification schemes 
for the two states; and (3) vegetation classification should serve as 
a tool to help maintain native biological diversity in Montana and 
Idaho.
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Technological advances i.e., geographic information systems (GIS), 
remote sensing, computer models, and multiresource databases are 
rapidly changing the way that vegetation classification systems are 
developed and used. My professional paper will explore how these 
techno log ies  are being integrated into c lassification e ffo rts  and 
identify  some of the advantages and d isadvan tages of these 
emerging technologies.
The questions that I will explore include: what are the various 
conceptua l and practica l reasons for deve lop ing  a vegeta tion  
c lass if ica tion  system  and what e lem ents should a vegeta tion  
c lassification system contain to meet the objective of helping to 
m a in ta in  native b iod ive rs ity?  Through in te rv iew s w ith  land 
managers, ecologists, conservationists, and botanists I hope to shed 
some light on these and other questions and elucidate the role that 
vegetation classification should play in helping to maintain native 
b io d iv e rs ity .
In the following sections of Chapter One, I present a literature 
review of some of the key concepts and issues surrounding 
b iod ive rs ity  and vegeta tion  c lass ifica tion . In Chapter Two, I 
describe the methodology and interview process used to collect my 
data. Chapter Three consists of my results and in Chapter Four I 
d iscuss the results. Chapter Five includes my conclusions and 
Chapter Six contains my key findings and recommendations on how a 
vegetation c lassification system that maintains native b iodiversity
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
could be structured, how it might function, and how we can begin to 
move towards its implementation.
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BIODIVERSITY: KEY CONCEPTS AND ISSUES
American conservation is, I fear, still concerned for the most part with show pieces. \Ne 
have not yet learned to think in terms of small cogs and wheels.
-Aldo Leopold (1949)
Why Preserve Native Biodiversity?
There are four broad reasons most commonly cited to justify the 
importance of preserving biological diversity. One of the most 
compelling (and for some people the only reason of real importance) 
is the intrinsic value of living creatures and the natural world. Aldo 
Leopold (1949) eloquently encapsulates this ethical imperative in A 
Sand County Almanac, “A thing is right when it tends to preserve the 
integrity, stability, and beauty of the biotic community. It is wrong 
when it tends o the rw ise .” Often, the sc ien tif ic  and popular 
literature gloss over the validity of this argument and regard it as 
too ethereal to merit serious consideration (see for example, The 
Keystone Center, 1989; Salwasser, 1990).
Three additional reasons given for preserving biodiversity include: 
(1) economic considerations, e.g., a source for pharm aceuticals, 
building materials, and recreational opportunities; (2) assurance of 
a genetic source for improving plant and animal species that are 
useful to humans and as a source of genetic variation necessary for 
the continued evolution of life capable of adapting to changing 
e nv iron m e n ta l cond it ions ; and (3) m ain tenance  of b io log ica l 
processes which provide humans with essential services such as 
cleansing of air and water and cycling of nutrients.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In add it ion  to the eth ica l, econom ic, and eco log ica l reasons 
sum m arized above, there are also a varie ty of specific statutory 
authorities, policies, and regulations that federal land management 
agencies are required to follow to promote biodiversity within their 
respective jurisdiction. The agencies are also subject to a number 
of general laws, for example, the National Environmental Policy Act 
{U.S. Congress, 1969) and the Endangered Species Act (U.S. Congress, 
1973).
The legal message is that federal agencies are responsible to 
varying degrees to inventory, monitor, restore, and maintain native 
biodiversity. However, as indicated by the ever increasing number of 
endangered and threatened species, these legal mandates have not 
been entirely effective. The reasons for the failure are complex and 
based upon political, economic, and social factors intertwined with 
basic gaps in our understanding of species and ecological processes. 
Severa l exam ples of im portant federa l leg is la tion  are brie fly 
described below.
The Forest Service and the National Forest Management Act 
The National Forest Management Act (NFMA) was adopted to address 
forestry and land management issues within the National Forest 
System. The NFMA set standards for plans to be developed for each 
national forest and specifically charged the Forest Service that the 
plans provide for, “diversity of plant and animal communities...in  
order to meet overall multiple use ob jec tives .” (U.S. Congress, 
1976). The Code of Federal Regulations, at 36 CFR 219, provides
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
rules for developing Integrated ecosystem plans, including the goal 
to manage habitats to maintain viable populations of native and 
d es ired  non-na tive  species, well d is tr ibu ted  th ro u gh ou t the ir 
geographic ranges in the National Forests and National Grasslands, 
and to pro tect and restore natural b io logical com m unities (The 
Keystone Center, 1989).
The National Environmental Policv Act
The National Environmental Policy Act (NEPA) requires that all 
federal administrators consider the environmental consequences of 
the ir actions before acting (U.S. Congress, 1969). The main 
m echan ism  fo r ach iev ing  th is  is the E nv ironm enta l Im pact 
Statem ent (EIS) which must be completed for all federal actions 
“significantly affecting the quality of the human environm ent” (43 
u s e . A .  section 4332). However, NEPA is p rocedura l, not 
substantive: it requires only that the agency consider environmental 
values during procedures, not necessarily that the agency choose to 
fo l lo w  the  m o s t e n v iro n m e n ta l ly  s e n s i t iv e  a l te rn a t iv e .  
Nevertheless, NEPA does require the agencies to take a “hard look” 
at their actions, as well as forcing every federal agency “to put its 
reasons, reasoning, and conclusions into writing; and the citizens 
who disagree with the conclusions can seek judicial review of the 
action.” (Coggins et al., 1993, p.333).
The Endangered Species Act
In contrast to NEPA, the Endangered Species Act (ESA) requires 
substantive measures to protect plant and animal species that are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
listed as either endangered or threatened as defined by the Act (U.S. 
Congress, 1973). The criteria for endangerment must be based 
solely on the best scientific and/or commercial data (Kohm, 1991). 
The Endangered  Species Act of 1973 represents  the m ost 
com prehens ive  leg is la tion  for the p reserva tion  of endangered  
species ever enacted by any nation (Coggins et al., 1993).
The Endangered Species Act - Is It Working?
Despite the strength of the language, the ESA has been criticized as 
inadequate (see for example, Grumbine, 1990; Orians, 1993; Scott et 
al., 1993). Critics point to the fact that nationally 775 species of 
plants and animals have been listed as threatened or endangered, and 
large numbers of candidate species have been nominated for listing. 
Recovery plans have been developed for only about half of the listed 
species (National Research Council, 1993). Among the many reasons 
for this backlog is the lack of adequate funding to achieve the stated 
goals of the ESA. However, many believe that the fundamental 
approach of the ESA precludes its success. Scott et al., (1993) 
s ta ted  th a t “ the reac tive , sp e c ie s -b y -sp e c ie s  app roach  to 
conservation has proved to be difficult, expensive, biased, and 
in e f f ic ie n t . " ( p .6)
One of the major difficulties with the ESA is that protection is not 
activated until the population of a given species is dangerously low. 
This has exacerbated the funding issue, for as Scott et al., (1987) 
s ta te :
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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As a framework for conservation actions, the battles for 
species preservation are fought at six levels - landscape, 
e co sys te m , co m m u n ity , spec ies , p o p u la t io n , and 
individual. Management costs per species increase, and 
the probab ility  of successfu l recovery decreases, as 
conservation actions are focused on lower levels of this 
hierarchy, (p.783).
With entire  ecosystem s now threatened by w idespread habitat 
destruction some suggest that it makes more sense to enlarge the 
Act to include protection for threatened and endangered ecosystems, 
communities, or habitats. Orians (1993) argued that in order to 
expand  leg is la t ive  p ro tec tion  fo r hab ita ts , co m m u n it ie s , or 
ecosystem s, an ecological classification for these units must be 
developed. At present no established, generally accepted taxonomic 
system for levels of the hierarchy above the species level exists. 
The fo llow ing section presents some of the major eco log ica l 
concepts that support the idea that we need to expand our definition 
of b iod iversity.
Spatial and Temporal Considerations of Biodiversity 
The organizational levels of biological d ivers ity  most commonly 
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The levels most commonly studied are organism, species, and 
com m un ity  (Noss, 19876). Within each layer of the hierarchy are 
sublayers that merit consideration. For example, ecosystems should 
not be seen as separate entities. Almost all ecosystems are “open” 
and exchange energy, minerals, nutrients, and species. Kimmins 
(1987) defines the ecosystem level as "entire natural systems 
composed of communities and their physical environment." (p.25). He 
continues, "The term ecosystem is more of a concept than a real 
physical entity - a concept with six major attributes." (p. 26). These 
a ttr ibu tes  are: (1) s tructure; (2) function: (3) com plex ity ; (4.) 
interaction and interdependence; (5) no inherent definition of spatial 
dimension; and (6) temporal change.
Three d iffe ren t levels at which b iod ivers ity  can be considered 
include: Alpha diversity, defined as the number of species within a 
single habitat (uniform vegetation structure); Beta d ive rs ity  which 
indicates the change in species composition along an environmental 
g rad ien t or series of habitats; and G am m a d iv e r s i t y  which 
represents the total species diversity of a larger geographic region 
(landscape or larger) (Noss, 1983).
The terms landscape and landform will be used throughout this 
paper. Swanson et al., (1988) define landscape and landform as 
fo l lo w s :
L a n d s c a p e  commonly refers to the form of the land 
surface and associated ecosystems at scales of hectares 
to many square kilometers. L an d fo rm  is usually used at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a finer scale and more specifically, such as a landform 
carved out by a landslide or created by sedim ent 
deposition forming a gravel bar. Landscapes are 
composed of landforms and ecological units, such as 
patches, (p.93).
Traditional approaches to wildlife management have emphasized 
maintenance of biodiversity at the beta diversity level. It has long 
been observed that in areas where two or more distinct habitat 
types converge, species richness is usually high. This phenomenon is 
referred to as an edge effect. Maximizing beta diversity was often 
perceived to be as simple as creating as much edge as possible. For 
many land managers this is an appealing approach to stewardship, as 
it allows them latitude to pursue such activities as cutting, burning, 
and building.
However, as Noss (1983) and others have pointed out, it has had 
detrimental effects on native biodiversity at the gamma diversity 
level. Some species do not thrive in edge habitat, in fact, they often 
find themselves at a disadvantage when trying to compete against 
edge adapted species. Human activities that create edge habitat 
often fragment the landscape and create large areas of artificially 
induced edge. This type of landscape can inhibit the movement of 
certa in species, increase the presence of genera lis t species 
(including exotics), and negatively affect habitat specialists such as 
late successional species. For these and other reasons beta 
d iversity is not always the appropriate level on which to focus 
management efforts.
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Noss (1987a) and others advocate that the landscape level is more 
a p p ro p r ia te , espec ia lly  if the goal is to deve lop  long-term  
conservation  strategies designed to maintain native b iodiversity. 
This strategy requires an integrative approach that recognizes the 
dynam ic nature of the landscape. As Noss (1987a) writes, "In 
natural landscapes unmodified by man [sic], disturbances are patchy 
in time and space...” When human activities destroy habitat and 
restric t the range of flora and fauna, the natural shifting and 
patchiness of the landscape are reduced and diversity of structure 
and composition are lost.
Grumbine (1990) identified some of the problems associated with 
the species-level approach that fail to address landscape-leve l 
concerns:
1. An approach focusing on the individual needs of particular
species does not address ecosystem structure and function.
2. The regional landscape context/matrix (habitat size, shape,
configuration, juxtaposition, connectivity, etc.) is overlooked.
3. Critical elements of multi-community diversity (gradients and
mosaics) are not included.
4. Disturbance regimes are neglected.
5. Large scale stresses (global climate change, acid deposition, 
air pollution, etc.) are not often considered.
The re la tionsh ip  between the basic h ierarchica l com ponents of 
b iod ivers ity  is dynamic and incredibly complex; interactions within
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and between these levels occur over a broad spectrum of space and 
time. Although humans have constructed the hierarchical approach 
to ge t a “hand le ” on the concept of b iod ive rs ity , such an 
arrangement does not mean that we understand how to translate the 
interactions that take place at multiple scales.
Develop ing Conservation S trategies that Help Maintain N a t iv e  
B io d iv e rs i tv
Salwasser (1990) maintains, "We must manage ecological systems 
in ways that sustain the full richness of life w ithout having to 
develop species programs for each of the thousands of species that 
may inhabit an area."(p.83). This sentiment has prompted the call 
fo r innovative  conservation strategies that will maintain native 
biodiversity over the long-term. While this is a laudable goal and 
many land management agencies are exploring their management 
options, it is not an easy task to accomplish. Social, political, and 
e con om ic  fo rces  often oppose b ro ad -re ach ing  co nse rva tio n  
strategies and the work of Kellert (1986) and others indicate that 
public  perception of the systems view of nature is not well- 
developed.
G rum b ine  (1990) suggests  th ree key issues for deve lop ing  
conservation strategies: (1) an integrated system of large nature
reserves is required to preserve bio logical d ivers ity  at genetic, 
population, and landscape scales; (2) the current reserve network is 
inadequate to protect many species much beyond the short term (50 
years); and (3) current species-level approaches must be augmented
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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by landscape-level strategies that recognize ecosystem patterns and 
processes. In order to maintain native biodiversity we must identify 
the prim ary habitat necessary to the key native species in the 
region. C lassify ing vegetation to de lim it critical habitat is one 
im portan t aspect of the conservation  process. Concepts  of 
vegetation classification are detailed in the following section.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
VEGETATION CLASSIFICATION CONCEPTS
Community classification is justified not by theory, but by usefulness.
-Whittaker (1975)
The gap between conservation at the species and community level, and planning at the
landscape level, has not been bridged.
-Noss (1987a)
The Nature of Classification
In the most general sense, the aim of classification is to group 
together a set of individuals on the basis of their attributes. Just 
as biodiversity and the processes affecting it can be examined at 
various spatial and temporal scales, so too, the classification of
vegetation is greatly influenced by the scale under consideration. 
Allen and Starr (1982) write, “The level of ecological organization 
detected by community analysis depends upon two characteristics of 
the data set...these are (a ) the area or time period over which the 
individual observations are made; and (b) the heterogeneity of the 
universe wherein the observations were made.” (p.156).
C lass if ica t io n  is a human cons truc t and the fo rm  of the
class ifica tion  scheme is not inherent in the vegetation, but is
determ ined by the researchers’ choice of assumptions and goals 
(W h ittake r, 1975). Based on our cu rren t unders tand ing  of
biodiversity, one task at hand is to devise a classification system 
that contributes to the goal of characterizing native biodiversity. 
The cha llenge  is to p ick through trad it iona l and innovative  
v e g e ta t io n  c la s s if ic a t io n  schem es  and com b ine  the bes t 
characteristics of each to develop a suitable system.
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Defining Vegetation Ecology
Mueller-Dombois and Ellenberg (1974) define vegetation ecology as 
the study of plant communities including both the structure and 
com pos it ion  of vegeta tion  as well as vege ta tion  sys tem atics  
(classification of plant communities). This includes defining plant 
com m un ities  at all spatia l scales as well as recogn iz ing  the 
re la t io n s h ip s  th a t e x is t  be tw een  p la n t c o m m u n it ie s  and
environmental factors. As mentioned above, vegetation ecology is 
concerned with the description and classification of vegetation. 
Mueller-Dombois and Ellenberg (1974) write:
A vegetation class or community type is the result only 
of abstrac ting  certa in  s im ila r it ies  of a num ber of 
concrete  com m unities. As in the c lass if ica tion  of 
species, rocks, land forms, or other study objects, the 
c lass if ica tion  of p lant com m unities depends on the 
q u e s t io n s  asked  and on g e n e ra l a g re e m e n t.  
C la s s i f i c a t io n  is n e c e s s a ry  fo r  s c ie n t i f i c  
com m unication , but it can never become absolute ly
ob jec tive  or accom plished w ithout the e lem en t of 
personal judgment, (p.153).
The purpose of the following sections is to (1) define the concept of 
plant community: (2) emphasize the importance of the identification 
and c lass ifica tion  of vegetation as tools for maintain ing native 
b iod ivers ity ; and (3) provide an overview of the major types of
vegetation classification schemes that have been developed.
Plant Communitv Concepts: A Spectrum of Opinions
The basic vegetation unit for all the classification systems is the
p lan t com m un ity  (a lso com m on ly  re fe rred  to as the p lan t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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association, habitat type, or site type). Kent and Coker (1992) 
provide two reasons for choosing to c lassify  vegetation to the 
comm unity level:
1. Plant communities are the scale at which plant populations can 
be identified and grouped to characterize vegetative cover of an 
area: and
2. The community scale is the scale at which humans can best make 
sense of the value and variation of vegetative cover.
The nature of the plant community includes symbiotic, parasitic, 
com petit ive , and ep iphy tic  inter- and in tra -spec if ic  eco log ica l 
in te rac tions. In add ition , the p lants of the com m un ity  are 
ind iv idua lly  and co llec tive ly  in fluenced by humans and other 
an im als , e.g., insects, livestock, and native ungu la tes , and 
environmental factors such as climate, soil, and topography.
Mueller-Dombois and Ellenberg (1974) define the plant community as 
“a combination of plants that are dependent on their environment 
and influence one another and modify their own environment. They 
form, together with the ir common habitat and other associated 
organisms, an ecosystem.” (p.27). Given the complexity and multiple 
levels of Interactions it is not surprising, then, that the concept of 
plant communities is controversial and requires a brief discussion 
of the various representative viewpoints.
Two American ecologists, F.E. Clements and H.A. Gleason, expressed 
the m ost d ive rgent v iew poin ts  regarding the p lant com m unity
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concept. C lements (1916, 1928; cited in M ueller-Dom bois and 
Ellenberg, 1974) likened a plant community to an organism that 
unde rgoes  iden tif iab le  stages in life h is to ry ; b irth , g row th, 
maturation, reproduction, and death. In the organismic view, various 
species of plants were analogous to the organs and parts of the body 
of an animal. Putting all the parts together formed a super organism 
(p lant community), in this view the plant community could not 
function without all its organs (plant species) present. The problem 
with this view is that plants within a community are, as a rule, not 
completely dependent on each other. The life processes for specific 
species take place at varying rates and each species is subject to 
re p la ce m e n t by o the r spec ies  th rough  ca tas tro ph ic  even ts , 
com pe tit ive  rep lacem ent, or a more gradua l change in the 
env ironm ent.
The Clementsian approach emphasized the concept of “dynamic 
equilibrium” of the landscape. He divided the vegetation of North 
Am erica into three broad categories which he called climaxes: 
forests, scrub, and grassland. These he fu rther d iv ided into 
form ations and finally into associations. Clements defined these 
assoc ia tions by the dom inant species and believed that given 
su ffic ien t time and relative long-term stability, these associations 
w ou ld  e q u il ib ra te  w ith  the  c lim ate  to form  c h a ra c te r is t ic  
com m unities (climax communities).
Tans ley (1920; cited in M ueller-Dom bois and Ellenberg, 1974) 
offered a more moderate view than Clements, In contrast to viewing
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p lan t com m un ities  as d iscre te  organisms, he fe lt tha t certa in 
p o p u la t io n s  w ere  d ep en d en t upon the p a r t icu la rs  of th e ir  
environment, while others could establish themselves over a broad 
range of environments. Tansley introduced the term “ecosystem ” 
and applied it to terrestrial plant communities. He emphasized that 
the organisms and their environment form a functional unit in nature 
and that an important aspect of vegetation ecology is studying 
vegetation from a holistic perspective.
Gleason (1926, 1939; cited in Mueller-Dombois and Ellenberg, 1974) 
rejected the approaches of Clements and Tansley and viewed all 
plant species as being distributed along a continuum. He argued that 
p lant species respond individually to environmental factors and 
proposed the concept that plant communities are not distinct. The 
p o ss ib il i ty  of com paring  or re la ting  com m un it ies  based on 
similarities, therefore, is precluded. Gleason’s approach emphasized 
the spatial response of vegetation along an environmental gradient. 
Although it is true that no two communities are alike in every way, 
when compared on a relative basis they show degrees of similarities 
and d iffe rences to each other; it is the princ ip le  of relative 
s im i la r i t ie s  and d if fe re n ce s  th a t unde r lies  all sys tem s of 
classification (Mueller-Dombois and Ellenberg, 1974).
Probably the most commonly held modern view regarding the nature 
of p lan t com m un ities  fa lls  som ew here between the extrem e 
viewpoints represented by Clements and Gleason. Temporal and 
spatial factors influence vegetation so that plant communities are
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rare ly sharply delineated on the landscape. Rather, vegetation 
within a particular region is distributed as a mosaic consisting of 
g ra d u a lly  chang ing  pa tte rns  of vege ta tion  (W h it take r 1953; 
Whittaker and Levin, 1977; cited in Kent and Coker, 1992). Once 
again, it is essential to keep in mind the question of scale when 
cons ide r ing  the re la tive  im portance of spatia l and tem pora l 
influences on community-types. An event, such as fire, that causes 
the death of individual plants or plant associations may be viewed 
as destructive at these levels, while it may serve as a diversifying 
or stabilizing factor when viewed at another scale.
The boundaries between vegetation types are often graded into one 
ano ther across ecotones. These ecotone areas, eco log ica lly  
important as habitat and as sources of unique flora and fauna, have 
been largely neglected by ecologists and vegetation classification 
schemes. Traditional sampling techniques used in c lassification 
select vegetation outside edges and ecotones so these landscape 
elements are not sampled. The importance of ecotones is discussed 
in greater depth later in this section.
Vegetation Classification and the Maintenance of Native Biodiversitv 
From an ecological standpoint, Coker and Kent (1992) provide three 
main reasons why it is important to be able to accurately sample 
and classify vegetation:
1. Vegetation is the most obvious physical representation of an 
ecosystem .
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2. Vegetation (with a few exceptions) provides the habitat within 
which organisms live, grow, reproduce and die.
3. Vegetation represents the base of the trophic food web.
In add it ion , the fac t tha t p lan ts dom ina te  the s truc tu re  of 
terrestrial communities and, in most cases, are easier to study than 
animals makes them a logical focus of research efforts.
The re la t io n s h ip  of an im a l d is t r ib u t io n  to a co m m u n ity  
classification of plants has been discussed by numerous researchers 
(see for example, Whittaker, 1975; Craighead et al., 1982; Noss, 
1 9 8 7 (a );  Scott et a l.,1993). As was discussed previously, there is 
genera l ag reem en t tha t the spec ies -by -spec ies  approach to 
conservation has proven inadequate in many circumstances and that 
attempting to address the needs of all species in the landscape 
ind iv idually , and accounting for all of their interactions, is an 
impossible task.
A lthough  many researchers  advocate  the deve lopm en t of a 
comprehensive plant community classification system that can be 
used at the landscape level there are many obstacles and difficulties 
implic it in this endeavor. Some of the d ifficulties relate to the 
inheren t eco log ica l com plex ity  of b io log ica l d ive rs ity  and the 
problems associated with determining the most appropriate level(s) 
of the biological hierarchy to address. Some of these types of 
problems are discussed in the following section. Another set of 
obstacles to developing a vegetation classification scheme originate
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in social, political, and economic considerations; these issues will 
be examined in later chapters.
Classification of Vegetation: A Variety of Approaches 
The approach used to classify plant communities depends upon which 
properties of the vegetation are emphasized: (1) properties of the 
vegeta tion  itself; (2) properties outside the vegeta tion ; or (3) 
properties combining vegetation and environment. The following 
discussion is intended to serve as a cursory overview of selected 
vegetation c lassification schemes and schools of thought based 
predom inantly  on information provided by M ueller-Dom bois and 
Ellenberg (1974); Kent and Coker (1992); W hittaker (1975); and 
S h im w e ll (1 971 ).
C lass if ica t ion  schemes based on propert ies  of the  
vegetation  itself
The physiognom ic approach
This approach classifies vegetation based on structure, i.e. external 
m orphology, llfe-form, stratif ication and size - genera lly  of the 
dom inant growth form. This type of classification is considered 
“a r t i f ic ia l” because the criter ion  for c lass if ica tion  may group 
e c o lo g ic a lly  d is s im ila r  ve ge ta t ion  into the same ca tego ry . 
C lassification systems based upon structure are particularly useful 
for classifying and mapping vegetation over large areas (such as 
biomes) where the gathering of floristic data would be too difficult 
and detailed.
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S tru c tu ra l c la s s if ic a t io n  is a lso  usefu l in tro p ica l fo re s t  
environm ents where floristic data are d ifficult to obtain and time 
consuming to analyze. Webb (1968) provides an excellent example of 
a h ie ra rch ica l p hys io gn om ic  c la ss if ica t io n  schem e fo r  the 
Austra lian rain fo rest vegetation. He corre la tes the vegetation 
s tructura l types to c lim atic  and edaphic factors to determ ine 
habitat types and to predict potential natural vegetation.
Another example of structural classification is Kuchler’s approach 
(1967; as cited in Mueller-Dombois and Ellenberg, 1974) which was 
intended to allow mapping of vegetation cover at all scales. The 
c lass ifica tion  scheme separates the vegetation into two broad 
categories: (a) woody and (b) herbaceous. These categories are 
further subdiv ided and criteria (such as leaf characteris tics and 
dom inance  of spec ia lized  life forms) are set forth  at each 
successive level of the hierarchy. Appendix A includes a summary of 
Kuchler's method for structural description of vegetation as an 
example of the structural classification approach.
The United Nations Educational, Scientific, and Cultural Organization 
(UNESCO, 1973) vegetation classification system is a widely used 
system that combines the physiognomic and floristic (discussed 
below) classification approach. Modified versions of the UNESCO 
classification scheme are currently being used in many vegetation 
classification efforts such as National Gap Analysis and The Nature 
Conservancy's Heritage Program. These projects will be discussed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
in detail in later sections of this paper. Appendix B provides a more 
de ta iled  descrip tion  of the UNESCO h ie rarch ica l c lass ifica tion  
scheme.
The flo ris tic  and dom inance-type approach
F loris tic  c lass if ica tion  schem es identify ind iv idual species and 
various species characteristics such as composition, abundance, 
d istribution, and presence/absence. Braun-Blanquet, (1928, 1932; 
as cited in Dombois-Miller and Ellenberg, 1974) a European botanist, 
developed a hierarchical system for classifying vegetation patterned 
after the Linnaean system of plant taxonomy. In Braun-Blanquet’s 
view, a plant community was analogous to a species and represented 
the fundamental unit of the classification system. The system is 
based upon floristic criteria which in Europe has been defined by 
species with restricted ecological range that at the same time show 
a high degree of presence within the study area. European floristic 
studies have traditionally used plant species that are unique to a 
particular area as the defining characteristic for the study area. 
This approach works better in the relatively species-poor, highly 
hum an-m od ified  European vegeta tion  than in the spec ies-r ich  
communities of low-latitude environments (Orians, 1993).
A lthough many British and American ecologists also rely on the 
flo ris tic  approach to classify communities, they often concentrate 
on species dom inance, particularly numerical dom inance in the 
overstory. In contrast to the European approach that concentrates on 
unique plant species, the approach taken in North America defines
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the dominant species as those that usually cover a wide ecological 
range.
In e ither case, it is often inaccurate {especially in a species-rich 
environment) to define an entire community by a single dominant 
species which may grow well under very different habitat conditions 
and in assoc ia tion  with very d iffe rent flora. A lthough these 
different habitat types share the same dominant species, it would be 
a mistake to classify them together. One solution to this dilemma 
was to create a more definitive system that classifies more than 
the single dominant species. In North America, dominant species for 
each layer are often used to better define the community types.
Classification schemes based upon properties outside the 
v e g e ta t io n
Climax and habitat type approach
The conceptual basis of these types of classification schemes is 
that factors independent of the vegetation are the controlling forces 
defin ing the nature of the plant community. Numerous theories 
regard ing  p lant success ion , c limax, and s tab il i ty  have been 
developed and are discussed in detail elsewhere (see for example, 
M ue lle r-D om bois  and Ellenberg, 1974; Pfister and Arno, 1980; 
Meeker and Merkel, 1984).
One of the most widely used classification schemes for the western 
United States is the habitat typing approach. This approach focuses
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upon the c lassification of potential climax vegetation rather than 
cu rren t vege ta tion . Proponents of hab ita t type c lass if ica tion  
believe that the system is a permanent and ecologica lly based 
approach that is valuable for helping predict the effects of land 
m anagement activities. In their view, successional trends toward 
the climax are recognizab le  even in re la tive ly  young stands 
(referring to forest ecosystems). The habitat approach classifies 
vege ta tion  accord ing to potentia l for producing s im ila r p lant 
com m unities at climax; it does not necessarily reflect similarities 
in current vegetation. Others (Mueller-Dombois and Ellenberg, 1974; 
Shimwell, 1970) emphasize the difficulty of trying to predict the 
pathway of succession and the necessity of considering spatial and 
temporal parameters. Appendix C provides examples of the habitat 
typing approach of vegetation classification.
Classification schemes based upon properties combining  
vegetation and environment
Combined analysis o f vegetation and environment 
K ra jina’s (1965; as cited in Mueller-Dombois and Ellenberg, 1974) 
b iogeoclim atic  zonation scheme is based on mosaic patterns of 
vegeta tion  within a specified geographic region with a uniform 
macroclimate (see Appendix D). Macroclimate plays the pivotal role 
and vegetation and soil are considered dependent upon climate. In 
addition to nineteen climatic parameters, each zone is described by 
elevation, latitude, zonal soil, and zonal soil forming processes. To 
d e ve lo p  such a c la ss if ica t io n  system , in -dep th  s tu d ie s  of
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ecosystem s must be performed and the information integrated to 
delim it zonal boundaries. Krajina’s biogeoclimatic zonation system 
is the basis for the classification scheme used in British Columbia.
Obstacles to Develooina Vegetation Classification Schemes as Part 
of a Conservation Strategy that Helps Maintain Native Biodiversitv 
M ue lle r-D om bois  and E llenberg (1974) d iscuss the trad it iona l 
approaches to classifying vegetation communities and relating them 
to animal communities:
Terrestr ia l com m unities, or associa tions, are usually 
defined by their vegetation according to some s ta n d a rd  
o f h o m o g e n e ity  and based on d om ina n t a nd /o r 
characteristic plant species. A n im a l com m un ities , in 
tu rn , o fte n  are a s s o c ia te d  w ith  p a r t ic u la r  p la n t  
communities, although habitat structure in m any cases is 
m ore im p o rta n t than flo ris tic s  (the p lan t spec ies  
present). (Emphasis added) (p.142).
The above quote touches on some of the problems associated with 
incorpora ting  trad itiona l p lant community c lass ifica tion  schemes 
into a strategy for maintaining native biodiversity (of both plant and 
animal species). The following sections explore some of these 
problems.
Classification of Heterogeneity in the Landscape
Traditional approaches to plant community ecology have been biased 
toward considering homogeneous plant communities during sampling 
of v e g e ta t io n  fo r  c la ss if ica t io n  pu rposes . For e xam p le , 
Daubenm ire ’s classification system (habitat typing), which is used 
th roughout much of the western United States, specifically relies
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Upon searching out homogeneous sampling areas within a varied 
landscape. Daubenmire urges that in a heterogeneous area comprised 
of ecotones, “one must search for the rare places which support 
small units of vegetation showing little g rad ien t.” (Daubenmire, 
1978 as cited in Noss, 1987a).
A major problem with avoiding transitional areas in the landscape is
that many animal species require a combination of habitats in which 
to com plete  the ir life cycles. If the vegetation c lass ifica tion  
system is designed to only record homogeneous community-types, 
then the habitat needs of wide-ranging species such as the wolf 
{Cam's lupus) and grizzly bear {U rsus a rc tos) as well as species with 
h ighly specific  habitat requirem ents may go unrecognized and 
unprotected.
Noss (1987a) and others have also pointed out the important role 
that disturbance plays in determining the structure and diversity of 
a region. For example, sm all-scale d is turbances tha t create 
openings in the forest canopy create a mosaic of vegetation types. 
Superimposed on this level are large-scale d isturbances such as 
insect in festation or fire which further d iversify the landscape.
Noss (1987a) writes, “disturbance regimes often do not operate and
cannot be kept track of at the scale of the single community-type. 
Collectively, the evidence from these studies underscores the need 
to cons ide r spatia l units above the hom ogeneous com m unity- 
type ...” (p.22).
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Classif icat ion  of the Structural Characteristics  of the 
Landscape
Community classification systems that are based upon the floristic 
or dominance-type approach fail to consider the importance of the 
structure of the vegetation to animal species. The structure of 
vegetation within both relatively homogeneous and heterogeneous 
communities may be as important as the species composition (Noss, 
1987a ; Whittaker, 1975).
Classification of the Culturally Modified Landscape
V ege ta tion  c lass if ica t ion  schem es have la rge ly  igno red  the 
classification of areas altered by human activities even though the 
degradation  of hab ita t is often the prim ary th rea t to native 
biodiversity. A comprehensive classification system must address 
the combination of natural, semi-natural, and modified communities 
in order to develop a “ real” picture of the landscape. Without a 
large-scale understanding of the status of habitat it is impossible 
to develop comprehensive conservation strategies for protecting 
remaining areas and prioritizing future restoration efforts.
Conclusion
The maintenance of native biodiversity is essential for a variety of 
reasons, ye t the rate of degradation  and s im p lif ica t io n  of 
ecosystems is careening along at a frightening pace. The traditional 
approaches of conservation and vegetation classification have not 
adequately addressed the issue of biodiversity. The development of 
one or more vegeta tion  c lass ifica tion  schem es as a tool for
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m ain ta in ing  native b iod ive rs ity  is an im portan t s tep  in the 
conservation process and the remainder of this paper focuses on 
ways to meet this challenge.
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METHODS
Who will speak for biodiversity?
-Noss (1989)
The Goal
C o n se rva tio n  b io lo g is t Reed Noss (19 87 a ) has stated that 
c lass ifica tion  is the firs t of four steps (fo llowed by inventory, 
eva luation , and pro tection /m anagem ent) in the deve lopm ent of 
effective conservation strategies. The two main purposes of my 
professional paper are to (1) explore the usefulness of vegetation 
c lass if ica tion  as a means to docum ent the sta tus of native 
biodiversity at the landscape level; and (2) determine what should be 
included in any vegetation classification scheme designed to aid in 
this goal.
One key to accomplishing these two objectives is to determine the 
strengths and weaknesses of present classification schemes and 
develop viable alternatives that help bridge the gap between the 
cu rren t s ta tus of our e ffo rts  and an accep tab le  vege ta tion  
classification system that complements conservation objectives.
As I discussed in Chapter One, there are a multitude of vegetation 
classification schemes representing a variety of schools of thought 
and user needs. In order to develop a more realistic and complete 
u nd e rs ta nd ing  of how vege ta tion  c lass if ica t ion  sys tem s are 
deve loped  and implem ented, and the ir potentia l usefu lness to
33
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conservation efforts, I conducted a number of interviews with land 
managers, botanists, conservationists, and policy makers.
The goals were to interview a diverse group of individuals who use 
and develop vegetation classification systems and to use their ‘on- 
the-ground’ perspectives as the basis for making recommendations 
for im proving vege ta tion  c lass if ica tion  e ffo rts . I in terv iew ed 
people who worked for, or were involved with, major federal land 
m a n a g e m e n t agenc ies , conse rva tio n  groups, and research  
institutions. Because the scope of this project focuses on the 
federal lands of Idaho and Montana, the m ajority of interviews 
involved people from this region.
Environm ental polic ies that address the maintenance of native 
biodiversity and related issues should be based on sound biological 
in form ation. However, the pursuit of sc ien tif ic  know ledge is 
influenced by both intrinsic factors such as funding constraints, 
agency and ind iv idual rivalries, as well as, external political, 
economic, and social pressures. In order to understand the interplay 
between science and other institutional forces, it is important to 
explore not only the science-based impediments that lim it our 
vege ta tion  c lass if ica tion  e ffo rts , but some of the socia l and 
political issues as well.
Methods
Based upon the suggestions of several people, I developed a contact 
l is t o f peop le  invo lved  in va rious  a spe c ts  of ve g e ta t io n
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classification. A cover letter and list of questions were sent to 
these people. A follow-up phone call to determine if the person was 
interested in being interviewed was made usually within a week of 
sending the letter, and, whenever possible, in-person interviews 
were schedu led. During the in terv iew s and through phone 
conversations I learned of additional people to contact and was able 
to expand my contact list. A total of twenty-five letters were sent 
and twenty interviews were conducted. Of the five people who were 
not interviewed, three could not be reached by phone and two said 
they were not interested in being interviewed.
The in terv iew s were tape recorded and the responses were 
summarized in writing for later analysis. Appendix E contains the 
cover letter and list of questions sent to each of the interview 
candidates. Eighteen of the twenty interviews were in-person, one 
by phone, and one via correspondence. The majority of interviews 
were conducted in one month. On two occasions group interviews 
were conducted (one interview consisted of two people, the other of 
three people).
Following the firs t five interviews I reviewed the responses and 
determ ined ways to improve the wording of questions to clarify 
their meaning and to generate more constructive dialogue. Appendix 
F includes the names, addresses, and professional titles of the 
in te rv iew ees , as well as the date tha t each in te rv iew  was 
com pleted.
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My list of questions was used to guide the interview process. If the 
interviewee had no experience or opinion in relation to a particular 
question, I shifted the focus of the interview. For example, in a case 
w here  the person was inexperienced  deve lop ing  vege ta tion  
classification systems but possessed extensive knowledge of the 
application of vegetation classification schemes, I asked questions 
to highlight issues surrounding the latter process.
A lthough I ta ilo red the questions to the in terv iewees, it was 
important to consistently ask certain questions in order to gather 
useful information on key issues. I emphasized in the cover letter 
and during the interviews that the purpose of the interview was to 
explore the potential for developing and implementing a vegetation 
classification system that could be used to aid in the maintenance 
of native biodiversity. I asked the following list of questions of 
each interviewee (the key concept is indicated in bold type);
Identification of main obstacles to developing a useful 
c lass if ica t ion  system
W hat do you th ink are the main obstacles to developing a 
vegetation c lassification scheme?
Possible solutions
What are some feasible solutions to these obstacles?
Identification of elements that should be in a vegetation 
classification scheme for biodiversity
What components should be included in an “ ideal” classification 
scheme, i.e. one designed to be used as a tool to help maintain 
native b iod ivers ity?
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Role of emerging technologies
W hat are some of the pros and cons associated with using 
emerging technologies such as geographic information systems 
(GiS) in vegetation classification and mapping efforts?
C o o p e r a t io n  and c o o r d in a t io n  am ong  a g e n c ie s  
organizations and research institutions
Do you see va lue in deve lop ing  a reg iona l vege ta tion  
c lassification system that is complementary to and compatible 
with adjacent regions and is a subset of a national or global 
c lass ifica tion  scheme?
Do you see any value for a vegetation classification system that 
is acceptable  to state and federal agencies, un iversity and 
private users? What are the biggest obstacles to developing a 
coordinated approach?
Standardization of vegetation classification schemes
Is it desirable/necessary to standardize vegetation classification 
efforts? If yes, what areas could benefit from standardization?
In o rd e r to g a th e r genera l in fo rm a tio n  abo u t ve g e ta t io n  
classification systems, I asked several questions designed to learn 
more about (1) the types of vegetation c lass ifica tion schemes 
currently being used or developed; (2) the types of projects that 
require the classification of vegetation; and (3) which classification 
schem es have the most support among users. The fo llow ing 
questions were asked of each of the interviewees;
Current use and application of vegetation classification  
sch em es
Have you, or are you, involved in work which requires the use of a
vegetation classification system? If yes, what is the objective of
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your project? What classification scheme(s) have you, or are you 
us ing?
Have they been satisfactory, why/why not? Are you conducting 
fie ld work? If yes, what type (e.g., remote sensing, literature 
re v ie w )?
Each taped interview was summarized in writing, and key concepts 
were identified. For example, each interviewee was asked to 
identify what she or he felt were the main obstacles to developing a 
useful c lass if ica tion  system. All potentia l “obs tac les ” to the 
development of such a system that were cited by the interviewees 
were identified and listed. This allowed me to review the interview 
resu lts by sub ject area, compare the responses of d if fe ren t 
interviewees, and identify areas of consensus and differing opinions. 
A similar procedure was followed for each topic addressed through 
the interview process.
Not all of the interviewees responded to every question, therefore, 
the number of responses for each topic area is noted in the results 
section. Several people expressed no opinion or felt they did not 
have the expertise to address certa in issues. One of the 
interviewees (Morgan, 1994) responded in writing and addressed 
only certain issues in her correspondence. Therefore, her response 
was incomplete.
The sm all sam ple  size p rec ludes any m eaningfu l s ta tis tica l 
evaluation of the responses. My intention was to conduct a small
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num ber of in -depth in terv iew s ra ther than gathering  genera l 
information from a large number of users. The respondents were 
chosen because they represent diverse perspectives based upon their 
interests and professional pursuits. It is likely that some issues 
were not adequately represented by the group due to the small 
sample size. However, the responses are diverse and informative, 
and examining the responses in detail is a good starting point for 
understanding the areas of consensus and differences between users.
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INTERVIEW RESULTS
Each land management agency has several systems, and each geographic area varies in 
the applicability and use of different classifications. The same features are sometimes 
described by different terms, and some terms are applied with numerous meanings. A 
common classification language, including terminology and definitions is urgently 
needed.
-Bailey et al. (1978)
This chapter summarizes the most commonly cited responses of the 
interv iewees. Appendix G lists all responses to each of the 
questions. Analysis and discussion of the results fo llow in the 
Chapter Four.
Twenty respondents were interviewed (Table 1 in Appendix H lists 
the name, professional affiliation, and areas of interest of each 
in te rv iew e e ).
Resu lts
Identification of main obstacies to deveioping a usefui 
ciassification system that couid serve as tooi for helping 
to maintain native biodiversity
Seventeen of the interviewees responded to this question. The most 
commonly cited obstacles are as follows:
1. Inadequate knowledge of existing vegetation (seven).
2. Lack of resources i.e. time, money, and/or technical assistance
(s ix ).
2. Hard to capture variability and detail in one vegetation 
classification scheme (six).
3. Not enough well-trained, experienced personnel in the field (five).
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Identification of elements that should be included in a 
vegetation classification scheme for biodiversity
Rather than focusing on the pros and cons of existing vegetation
classification schemes, I wanted to develop a “wish lis t” of the
elements that experts thought were essential to a c lassification
system that could be used to assess native biodiversity. Eighteen
interv iewees responded to this question. The most commonly
mentioned desirable features were:
1. Information on vegetation structure (thirteen).
2. Classification of existing vegetation, not potential natural 
vegetation (seven).
3. Classification must be hierarchical and include different levels 
of resolution (four).
3. Classification schemes should include better information on 
grass, herb, and shrub layers (four).
3. Both site potential (including potential natural vegetation) and 
existing vegetation need to be considered in a single 
classification scheme (four).
Cooperation between agencies, organizations, and research 
institutions and coordination of efforts
Fourteen out of eighteen responded. The most common concerns
were :
1. Not economically feasible to develop a usable, coordinated effort 
that would include the levels of resolution that would be 
acceptable to everyone (four).
1. Focus efforts on developing a common database and make the 
information collected by agencies and other entities accessible 
to the public (four).
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1. Focus efforts on coordinating data collection methods, not on 
c lass if ica tion  (four).
2. Increase the role of peer and scientific review as a means to 
resolve conflicts (three).
2. Use emerging technologies such as GIS as a tool to help 
fac ilita te  cooperative efforts (three).
Standardization of vegetation classification schemes
Fourteen of the twenty responded to the question asked about the 
value of developing a standardized vegetation classification system. 
O pin ions regarding which areas should be standard ized varied 
greatly and no clear areas of agreement emerged.
1. GIS is an area that would be a good place to develop standardized 
approaches (four).
2. Focus efforts on standardization of data collection rather than 
upon the classification of vegetation (three).
S p e c if ic  s u g g e s t io n s  fo r  d eve lop ing  s tra te g ie s  to in it ia te  
standardization efforts will be discussed in later chapters.
Role of emerging technologies
All twenty interviewees directly or indirectly work with Geographic 
Information Systems (GIS) (see Appendix I for an explanation of GIS) 
and all feel that it is an important management tool for displaying 
and synthesizing information. Fourteen of the sixteen interviewees 
responded to this question and made the following observations:
1. GIS is a valuable tool for synthesizing information and helping us 
to see the bigger picture. GIS information is a useful tool for 
landscape level analysis and for large scale management efforts 
(nine).
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2. GIS is a valuable tool, however, it is unclear that the level of 
resolution is good enough to address many important aspects of 
vegeta tion  c lassification (six).
3. Need to develop models that: (1) predict successional pathways: 
and (2) help us understand the role of natural processes in 
influencing the vegetation (five).
3. We must adequately ground truth remotely sensed information 
( f ive ) .
S o lu t io n s
It is often easier to identify problems than it is to formulate 
workable solutions. Nevertheless, the respondents did have some 
suggestions, a lbeit often general in nature that could be used to 
develop constructive solutions to some long standing issues. All 
twenty of the respondents made suggestions addressing a variety of 
issues. The respondents often made reference to specific projects 
or classification efforts. These references are explained in Chapter 
Four and in the following appendices: UNESCO and Driscoll (Appendix 
B); Geographic Information System, LANDSAT Thematic Mapper, and 
Gap Analysis (Appendix I); the Alaska Vegetation C lassification 
(Appendix J); ECODATA (Appendix K). All of the solutions mentioned 
by the interviewees follow:
Identification of elements that should be in a vegetation 
classification scheme for biodiversity
•D eve lop  a h ierarchica l system with levels of resolution to 
accommodate the needs of both lumpers and splitters. There 
should be three, four, or five different levels of resolution so as 
to give users enough choices. A good approach is that of The 
Alaska Vegetation Classification (Viereck et al., 1992).
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•Incorporate structural information on vegetation. The UNESCO 
(1973) classification system is very useful and can be modified 
and refined to meet specific conditions. The system used by 
Mattson and Despain (1985) in Yellowstone National Park to map 
grizzly bear habitat is a good model. They looked at both habitat 
type and community type and developed a cover classification 
based upon existing vegetation.
• Incorporate more information on abiotic factors and landform 
patterns that influence the vegetation. The approaches used in 
Canada and Australia offer potential solutions.
•It is better to use one or more simple c lassifications rather 
than a single, complex classification. It is important to know the 
cover type. I like the criteria established by UNESCO (1973) and 
modified by Driscoll (1984).
•Structura l c lassification must take into account size, density, 
and number of layers of the stand in order to develop an 
o p e ra t io n a l  ta x o n o m y  th a t is u se fu l fo r  in v e n to ry ,  
communication, and mapping.
•An operational structural c lassification system should include 
the fo llowing:
1. Habitat type: (use potential natural vegetation data gathered
from habitat type studies):
2. Structural stage: age and size information;
3. Cover type: use criteria of the Society of American Foresters 
(Eyre, 1980);
4. Density: use criteria established by UNESCO (1973) and 
Driscoll (1984); and
5. Dominant undergrowth by life forms or major species.
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•At the landscape level we should develop a classification that is 
based on very visible characteristics that can be identified using 
remote sensing and photo interpretation (cover type, canopy 
closure, upper layer size class). On the more detailed level we 
need composition and structure information.
•The structural stage classification should include: species by 
layer, size, origin of regeneration, age, and rate of growth.
•Need more de ta iled  in form ation  on vege ta tion  a long a 
moisture/elevation gradient. Wildlife people want to know more 
about structure.
•One thing to consider is habitat classification based on physical 
factors such as soils, slope and aspect, bedrock parent materials, 
geology, elevation. You can construct classifications that way 
independent of biological data. In some ways, that is a more 
robust c lassification, or a more robust basis for a long-term 
conservation strategy because vegetation is going to change due 
to factors such as climate change, extinction and spéciation. If 
in fact we have accelerated climate change due to greenhouse 
effects then our classification we construct now based only upon 
vegetation might only be good for the next 10-20 years maybe 50 
years at most. And that’s not good enough.
Ways to improve vegetation classification efforts:
•Need to redo our vegetation maps and update information 
probably every two years. We need to be thorough and gather 
additional information each time we revisit areas so we can 
accumulate baseline data.
•Need information on the distribution of humans on the landscape. 
M ill ions  of do lla rs  have been spent to c lass ify  and map 
vegetation, but I think if we had not done any of that and looked
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
at d is tribution of people we would know just as much about 
where the bears are and what is important to the bears.
•Update maps every five years.
•D eve lop  th ree  d if fe re n t c lass if ica tion  system s: 1. curren t
vegeta tion : 2. ecologica l land units; and 3. structura l stage 
c la s s i f ic a t io n .
•Make the commitment to adequately train field personnel. This 
will be accomplished by increasing wages and hiring more highly 
trained people.
•In certain circumstances, the classification system that should 
be used is obvious. We should develop a regulatory program that 
requires that certain classification systems should be used. This 
would ensure that the appropriate system is used (rather than 
the most convenient).
•Update our information on existing vegetation every three to 
five years. This shouldn’t be too difficult using remotely sensed 
in fo rm a tio n .
• Rely more on Landsat Thematic Mapper (TM) information. It is 
repea tab le  and less sub jective  than trad it iona l vege ta tion  
sampling and classification efforts. We can ’t afford to send out 
big field crews anymore so we need to tie our efforts to remotely 
sensed data.
•Must develop simulation models so that we can look into the 
future and explain the successional pathways of vegetation. One 
of the main objectives of any classification system is to validate 
simulation models. We need to develop comprehensive statistical 
and ana ly tica l techn iques  to look at m u ltiva ria te  species 
assemblages.
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•Vegetation classification systems should be developed at a local 
level. Researchers and managers should be given the tools to 
accomplish this.
• Existing vegetation is the fundamental layer of information. We 
should throw out all existing classification and maps because 
they have been heavily influenced by the habitat typing idea. It 
would be great to do extensive surveys, but we don’t have the 
time or the money. We are dealing with a biodiversity crisis and 
need to be able to predict our vertebrate species distribution and 
identify our current vegetation conditions.
•I don’t see any other long term solutions other than focusing on 
processes; we need to understand the causal mechanisms so we 
can predict the vegetation.
• For certain land management decisions we need less detailed 
information on vegetation and more emphasis on understanding 
the d istribution of humans in the landscape and patterns of 
culturally modified landscape.
•Use the existing literature to put toge ther an opera tiona l 
c lassifica tion that can be used as a fram ework to look at 
landscape patterns, diversity and change over time. As soon as 
you start looking at landscapes you can’t look at everything in 
detail and you need to simplify; classification becomes the tool
Suggestions for improving cooperation and coordination:
•Standardize data collection methods so that the information can 
be incorporated into common databases. ECODATA is the system 
used by Region One of the Forest Service and it is a good start.
•Require researchers to gather data that is usable by others and 
enter information into a common database.
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•Develop sampling procedures. I think we can work across agency 
boundaries. The committee approach allows us to bring people 
toge ther.
•Collection of data is usually the most expensive aspect of 
projects. We could keep costs down by coordinating efforts and 
sharing information. Develop adaptive and coordinated inventory 
e f fo r ts .
•One of the main reasons that classification systems go unused 
is that they are never published in the literature. Most of them 
remain as internal agency documents. They need to be published 
and critically reviewed.
•Need to educate managers about what is available to them. 
Professional symposia are important.
•Develop a set of publications that coordinate, expla in, and 
compare classification schemes so that people know w ha t’s 
available for them to use.
•Need to develop an effective way to crosswalk and translate 
from one classification to another.
•I th ink that we have the responsibility if we go out to collect 
data to make it available to all; mark location of plots using a 
g lobal pos ition ing system  (GPS), take extra sam ples, use 
standardized methods.
•More important than deciding on a single classification system 
is estab lish ing a permanent committee which could work to 
reso lve  issues re la ted to vege ta tion  c lass if ica tion . The 
Ecological Society of America should set up such a committee
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Specific  examples of vegetation c lassif ication projects  
that could serve as models:
•Much of the data we need has already been collected and it can 
oftentimes be converted into a usable form, ECODATA is a good 
example of this type of effort. What we need is to find out what 
data exists, cross reference that data, and get it into a common 
database.
• Many problems will be solved by technology. We need to look at 
d ifferent scales and levels of resolution. We need broad-scale 
use of GIS and development of community databases with three or 
four scales. The system being developed by the U.S. Fish and 
W ild life Service Gap Analysis under the supervision of Roly 
Redmond is a good approach that is helping to bridge the gap and 
integrate information from a variety of sources.
•There is no one best vegetation classification system but we do 
have three complementary systems that should be used and 
improved: (1) The Nature Conservancy’s Heritage Program to 
evaluate rare e lem ents in the landscape; (2) Gap Program 
Analysis for larger scale evaluations and information on existing 
vegetation; and (3) habitat typing to gain information about the 
potential natural vegetation, site potential, and to help us model 
successional pathways.
General observations:
•We are in a testing and development mode and I think we ought 
to encourage that. I don’t think we should try to get everyone to 
come to consensus on one classification system. We need to do 
rigorous testing and development and see what works where and 
at what scale.
•In form ation gathered by remote sensing for landscape level 
m anagem ent decis ions is a tool that can help predict where
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certain types of vegetation are likely (or unlikely to occur). Old 
growth is a good example. GIS cannot identify old growth but it 
can still help d irect efforts to identify where it is likely to 
occur. Providing that there are mandates and appreciation of
these unique areas, then GIS can help facilitate management 
dec is ions.
•Classification efforts that are initiated at the top are one of the 
biggest impediment to developing good systems. The people at
the top have forgotten what it is like in the field. I think it is
important to see what we have available and to discuss the
relationships between the existing information.
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- CHAPTER 4 - 
DISCUSSION
This chapter Is d ivided into sections covering the major issues 
discussed during the interviews. Responses to specific questions, 
the genera l areas of agreem ent and d isagreem ent among the 
respondents, and their opinions regarding the major obstacles to 
developing a useful classification scheme are explored.
Identification of main obstacles to developing a useful 
c lass if ica t io n  system
Lack o f inform ation regarding sera i vegetation
The most commonly cited obstacle (identified by seven out of 
seventeen respondents) was related to the lack of information 
available regarding serai vegetation communities. A main reason for 
this is that in the western United States the traditional approach to 
v e g e ta t io n  c la s s if ic a t io n  uses c lim ax  p o te n t ia l v e g e ta t io n  
(associa tions) to c lass ify  sites (habita t types) (P fister, 1976). 
Habitat typing was prim arily  developed to characterize sites in 
tim ber inventories, in silv icultural stand examinations, and, to a 
much lesser extent, for w ild life evaluations (Pfister, 1975). In 
1975, P fis ter reported that “most of the current field research 
studies in the northern Rocky Mountains are utilizing habitat type 
classification as a tool." (p.315).
51
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Habitat type is defined as those parts of the landscape capable of 
supporting a given plant association (climax) in the absence of 
d isturbance (Daubenmire, 1968 as cited by Pfister, 1976). The 
primary unit of classification is the potential dominant climax tree 
species (in the case of forest habitat types). However, both trees 
and undergrowth species are used as indicators of environmental 
factors. The habitat type approach is a taxonomic classification 
based upon the development of a taxonomic key arranged in the 
following hierarchy (Pfister, 1976, p.3):
SERIES A group of habitat types having the same climax
dominant (tree) species: e.g. Pinus ponderosa
HABITAT TYPE The basic taxonomic unit of the classification
(site) or named by climax tree species and undergrowth
ASSOCIATION indicator species; e.g., P inus oonde rosa /F es tuca  
(vege ta tion ) idahoensis h.t.
PHASE The lowest subdivision of the hierarchy,
representing relatively minor environmental 
differences; e.g., Pinus oonderosa/Festuca 
idahoensis h.t., Festuca scabrella phase.
Dr. P f is te r ’s w ork  on the coopera tive  research  e ffo rt and 
development program through the Intermountain Forest and Range 
Experiment Station and the Northern Region of the Forest Service 
con tr ibu ted  to the p resent w idespread use of hab ita t typing 
throughout the Northern Rockies. The habitat typing method was 
developed to meet the needs of forest managers and researchers to 
give them an overall understanding of the variation in vegetation and
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to p red ic t site capabilit ies (Pfister et al., 1977). Appendix C 
contains an example of habitat typing.
During my interview with Dr. Pfister, he acknowledged that the site 
classification approach based on potential natural vegetation leaves 
a gray area in terms of the transition vegetation (Pfister, 1994). 
One ramification of the emphasis being placed on climax vegetation 
is the possibility that land managers and other will devalue serai 
plant com m unities despite the fact that these comm unities are 
often very important to wildlife. Pfister shares the view of many of 
the interviewees that classification schemes that take into account 
existing vegetation need to be more fully developed. P fis ter’s 
current pro ject plans include the development of an operational 
classification of existing vegetation to examine landscape patterns, 
diversity, and changes over time (Pfister, 1994).
As discussed earlier, one problem with habitat typing is that it 
ignores transitory vegetation and the successional pathways that 
characterize the patterns of existing vegetation. Some respondents 
felt that information on serai vegetation needs to be gathered and 
com bined with the ava ilab le  in form ation on potentia l natural 
vegetation. This would allow for the prediction of site potential (a 
va luable  tool for understanding site characteris tics and making 
m anagement decisions) while gaining information on the present 
vege ta tion .
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Others fe lt that the only truly important information is existing 
vegetation. To some of the respondents, habitat typing is more of an 
academ ic exerc ise tha t does not assist them in making land 
management decisions or addressing wildlife needs. Several stated 
that it is very d ifficu lt for land managers to deal with potential 
natural vegetation, they need to know what is going on today and 
where things are likely to head in the next ten years, not the next 
one hundred.
A no the r shortcom ing  of hab ita t typ ing and o ther vege ta tion  
classification systems used in the Northern Rockies is that they are 
not yet comprehensive. One respondent stated that there are many 
areas in Montana that are not adequately covered by any vegetation 
classification system. Most of the land that has been habitat typed 
is Forest Service land; many other areas such as private lands and 
non-forested lands have not been adequately sampled.
Lack o f resources (money, time, technical support)
Two concerns were mentioned by six of the seventeen respondents: 
(1) lack of resources (including money, time, and/or technical 
support): and (2) difficulty capturing variability and detail in one 
vegetation classification scheme.
The unequal distribution of funding within agency departments was 
cited as contributing to a lack of intra-agency cooperation and 
coord ina tion  and preventing c lass ifica tion  e ffo rts  from d irectly  
focusing on biodiversity related Issues. For example, departments
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w hose respons ib il i t ies  are related to tim ber p roduction  have 
trad it io n a lly  rece ived more money than departm en ts  such as 
w i ld l i f e .
Three of the interviewees specifica lly cited intra-agency conflic t 
linked to an unwillingness to collect or share data. One respondent 
described  his experience of try ing to coord ina te  w ith  other 
departments in the agency to gather information on wildlife habitat 
during timber inventories. The timber planners argued that they did 
not have the time or money to gather additional information nor 
were they w illing to a lter the ir fie ld techn iques so tha t the 
in form ation  they gathered on tim ber age c lasses w ou ld  be 
compatible with the needs of the wildlife biologists.
This respondent concedes that things are slowly changing and that 
more co llaborative efforts are occurring. In Region One, for 
example, the Forest Service is working with the Bureau of Land 
Management: Montana Fish, Wildlife and Parks; The Audubon Society; 
U.S. Fish and Wildlife Service; and The Nature Conservancy on a 
large-scale neotropical m igratory bird study. The groups are 
coordinating their data collection and analysis techniques and the 
point counts and vegetation data are being shared with the U.S. Fish 
and Wildlife Service Gap Analysis project to develop a map of the 
existing vegetation for Montana (Christensen, 1994). The Gap 
Analysis program and the role of GIS are described in Appendix I.
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The issue of lack of time was noted by several of the respondents. 
Land managers, botanists, and researchers felt that they had too 
many tasks to try to learn new classification schemes. The 
respondents identified the schisms that often exist between those 
that develop classification schemes and land managers and field 
researchers. The UNESCO (1973) vegetation classification system 
was c ited  by severa l respondents  as a p o te n tia lly  usefu l 
c lassification system. However, three respondents thought that 
UNESCO was perceived as “too academic” by many agency people and 
because land managers are overworked, “these hierarchies aren ’t 
particularly important and my guess is that they probably never will 
be important.” (Cooper, 1994). Dr. Pfister reiterated the point that 
it is d if f icu lt to get vegetation classification systems accepted, 
“You hope that you have educated people that have some familiarity 
with the literature so they realize what is happening but usually 
that is occurring in the research branches. Usually managers are so 
pushed to get things done that they don’t have the time.” (Pfister, 
1994).
H ard  to  ca p tu re  v a r ia b ility  and  d e ta il in  one ve g e ta tio n  
c lass ifica tion  schem e
Six of the respondents felt that given the inherent variability in 
natural systems and the diverse needs of land managers and other 
users that it was not possible to develop a “best” classification 
system. In addition, the issues of temporal and spatial scale make 
it unlikely that one classification system can meet the diverse array 
of research and management requirements.
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As Roly Redmond, who works on the Gap Analysis Project at the 
University of Montana stated:
I personally don ’t believe that in 1994, and probably in 
the next decade, that any single classification can meet 
all purposes. If we are doing a detailed study we might 
w ant to pay attention to individual plant communities
and ind iv idua l p lan ts ; we are going to use a
classification system to meet this need. But when you 
ta lk about mapping and working at regional scales - 
hundreds of thousands of square miles - we don’t know 
the plant communities that exist. I’ve heard estimates 
that somewhere between 50-90% of the successional
plant communities in Montana have yet to be described.
(Redmond, 1994).
Lack o f well-trained, experienced personnel in the fie ld  
The lack of adequately trained personnel was the third most cited 
concern (five of seventeen). The respondents felt that the agencies 
commonly employ inexperienced people (often seasonal employees 
that are paid low wages) for field projects. Often, these people do 
not possess the experience to accurately identify plant species and 
make crucia l quantitative judgements regarding such factors as 
density and cover.
This issue of lack of trained personnel feeds into another concern 
expressed by three respondents that the information gathered by the 
agencies is highly variable and in some cases of dubious quality.
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This lack of trust in the quality of data was identified as a main 
reason that researchers often repeat field work.
Identif ication of elements that should be included in
vegetation classification scheme for biodiversity
S tru c tu ra l in fo rm a tion
This question e lic ited some of the strongest opin ions and the 
highest degree of consensus. Thirteen out of eighteen respondents 
fe lt that vegetation classification schemes would be improved by 
including information on structural aspects of the vegetation. As 
d iscussed in Chapter One, the physiognom ic approach to the 
classification of vegetation is based upon factors such as external 
morphology, life-form, stratification, and size. The approaches of 
Kuchler (1976 as cited in Mueller-Dombois and Ellenberg) and 
Raunkaier’s life-form classification (1934 as cited in Coker and 
Kent, 1992) are examples of structural classification schemes.
The respondents seemed less concerned with highly deta iled 
structural information and more interested in a scheme that would 
complement a floristic-based system. The respondents had differing 
opinions regarding the amount and type of structural information 
that should be incorporated into classification efforts. Several of 
the respondents stated that for wildlife, information on vegetation 
structure is often as important as information on the composition of 
the vegetation.
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All of the wildlife biologists and the land managers who focus upon 
w ild life  issues identified the need for a system atic vegetation 
c lass ifica tion  approach that incorporates structural information in 
order to answer questions regarding patterns of vegetation in the 
landscape and determination of corridors and barriers to movement. 
Dr. Pfister said that:
Based upon the experience of habitat types if we can 
come up with a system of c lassification for existing 
vegetation that addresses the basic questions of species 
com position , vertica l structure in terms of layering, 
density and something on stage of development along the 
successional pathway - if we can handle those four
characteristics in a reasonable way - we may have a 
c la ss if ica t io n  system  that w ill ac tua lly  ge t used.
(Pfister, 1994)
All twenty of the respondents felt that GIS was a useful tool for 
organizing and displaying information on vegetation structure. For 
example, information on size and age classes and down woody 
material can be gathered using satellite imagery and displayed using 
GIS. However, six of the fourteen respondents that discussed the 
role of GIS in a structural c lassification system questioned the 
resolution of satellite imagery. Pfister firmly believes that rather 
than try and build a new classification we should concentrate on 
modifying an existing one. He feels that the habitat typing that has 
been completed in the Northern Rockies over the last twenty years
represents a wealth of information that should be used as a basis
for developing a structural classification system (Pfister, 1994).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
60
Wendell Hann, Landscape/Ecosystem Assessment Group Leader with 
Region One of the Forest Service felt that the fine scale approach 
envisioned by Pfister and others is necessary but that it doesn ’t 
work well at the landscape level of analysis. This type of structural 
c lassification is too detailed, includes too many community types, 
would require too many plots, and would generate an overwhelming 
amount of data that would be very difficult to organize and process.
Both Hann and Redmond feel that the habitat type approach doesn’t
translate to the landscape level of analysis because the variables 
that are driving the classification are fine scale variables and are 
not indicated at the landscape level of analysis.
Hann and Redmond felt that the two approaches (fine and coarse
scale) should not be considered mutually exclusive: there should be 
an interface so that the connection between the two scales is not 
lost. Such a connection would allow users to “zoom in and zoom 
out” depending on their needs. Rigorous testing and development are 
needed to determine the best way to reach this objective.
Wendell Hann described his approach as having three integral 
c lass if ica tion  schem es: vegeta tion , eco log ica l land units and
structural stage. He envisions tracking activ ities or land uses 
separately and integrating the information using GIS. In terms of 
structure he sees creating the c lass ifica tion based upon such 
factors as size, origin of regeneration, age, rate of growth, and 
dominant species by layer (Hann, 1994).
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Focus e ffo rts on classification o f existing vegetation, not po ten tia l 
na tu ra l vegeta tion
The second most common suggestion was based on the observation 
that too much time and money have a lready been spent on 
characterizing potential natural vegetation. These respondents felt 
that instead of trying to integrate the two approaches {potential and 
ex is ting  vege ta tion ) we should focus on c lass ify ing  existing 
vegetation. There appears to be a split in opinion regarding the 
usefulness of habitat typing. Some land managers feel that it is an 
excellent communication tool because of its w idespread use and 
accep tance  and tha t it helps land m anagers  de fine  site 
characteristics and productivity. Wildlife biologists and others who 
are concerned with the v iab ility  of specific  species expressed 
misgivings regarding the value of habitat typing to fully meet their 
needs. For example, one land manager who is interested in grizzly 
bear recovery efforts said that from his perspective:
Millions of dollars of vegetation mapping have been done, 
but I think if we had not done any of that and looked at 
distribution of people on the landscape we would know 
just as much about where the bears are and what is 
important to them...We need to know something about 
vegetation values, but right now, after all these years of 
looking at vegetation we would be a lot better off looking 
at human activities because there is so little we can do 
about vegetation. We can manage human activities. 
(Servheen, 1994).
In my interview with Angie Evenden, Program Manager for the 
Northern Region’s Research Natural Areas (RNA) Program (U.S. Forest
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Service), she made a similar observation. A major objective of the 
Forest Service’s RNA program is to maintain a representative array 
of all s ignificant natural ecosystems as baseline area for research 
and monitoring (USFS manual, 1991 as cited by Chadde, 1993). 
Evenden explained that within the RNAs they use habitat typing to 
classify vegetation because it is the most widely accepted approach. 
But she acknowledges that “ in an ideal world we might have started 
over and developed something different, but that’s what we have to 
work w ith...It doesn ’t adequately portray the different serai stages 
and structural s tages.” She continued, “we are not abandoning 
habitat typing but we are modifying it.” (Evenden, 1994).
The question of habitat quality generated interesting discussion. 
Three out of eighteen respondents felt that descriptors would be 
useful to include in a classification system as a way to provide 
information regarding habitat quality. One wildlife biologist gave 
the example of classifying a white bark pine stand as excellent 
habitat for grizzly bears, when in fact, the pines were not producing 
cones and were of little value to bears or other animals that rely on 
the cones as a food source. Without descriptors to indicate the 
value of the habitat, the classification scheme can misrepresent and 
possibly over estimate the amount of suitable habitat. In another 
exam ple , in the Swan Va lley  of N o rthw es t M ontana, the 
classification of vegetation alone might lead one to believe that the 
area is excellent grizzly bear habitat. It is only when the land use 
activities are evaluated i.e. roads, campgrounds, and towns, that it 
becomes clear that large areas are unsuitable for grizzly bears.
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Developing descrip tors is problem atic  for several reasons: (1) 
quality of habitat is dependent upon the species under consideration. 
C learcuts, for example, are excellent habitat for certain native 
species such as robins {T urdus m ig ra to riu s ), while being poor 
habitat for other native bird species. Habitat descriptors would 
have to be developed for each species; (2) habitat quality is not 
static, rather, it changes over time and in response to environmental 
factors. For example, the white bark pines that are currently not 
producing cones may in the future become a valuable food source; (3) 
other factors are intangible but important ind icators of habitat 
quality, for example, the attitude of the local human population 
towards specific wildlife species can greatly influence the viability 
of that species.
An ongoing debate among the users and developers of vegetation 
c lass ifica tion  systems is which com ponents are appropria te  to 
include In a vegeta tion  c lass ifica tion  scheme. The question 
inevitably becomes how inclusive should the classification system 
be and when does the amount of information become too burdensome 
to gather and organize. Examples of different approaches include the 
Canadian system of biogeoclimatic zones (based on the work of V.J. 
Kra jina, 1959 as c ited by M eid inger and Pojar, 1991) that 
incorporates prim arily  climate, soil, and vegetation data. The 
system is h ierarchical with three levels of integration: regional, 
local, and chronological (ecosystems are organized according to site
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s p e c if ic  tem po ra l sequences based upon s ite  h is to ry  and 
successional status) (Meidinger and Pojar, 1991).
One respondent liked the Canadian system because it is hierarchical 
and focuses on the landscape level of analysis. However, he felt that 
it does not adequately address the underlying disturbance regimes 
that influence the vegetation. The respondent felt that because the 
Canadian system does not consider the role that natural processes 
such as fire play in influencing the vegetation, that it lacks 
predictive or explanatory power. This argument could be made for 
many of the vegetation classification schemes currently being used 
(including habita t typing) which do not address many of the 
underlying processes that influence the vegetation.
Several respondents advocated an integrated classification approach 
that includes classification of landscapes to help elucidate spatial 
patterns which in turn help define the re la tionsh ip  between 
components of the landscape and physical and biological processes. 
As Bailey et al., (1978) pointed out, "Many natura l-resource  
questions cannot be answered w ithout some knowledge of the 
spatial pattern...Process is controlled by structure, and cannot be 
observed, much less inferred, from system components alone. It 
emerges only at the integrated system level which shows not only 
composition but structure and interactions” (p.653).
Another argument in favor of the integrated approach was mentioned 
by three respondents. They commented on the fact that the majority
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
65
of expenses incurred for most projects are associated with field 
work (one respondent said that as much as 95% of costs were 
associated with data collection while analysis was less than 5% of 
costs). These respondents felt that the field crews should gather a 
wide variety of data and that the collection methodologies should be 
standardized so the information can be readily shared among user 
groups and stored in a common database.
One of the ways that the Northern Region of the Forest Service is 
pursuing this approach is through the development of ECODATA. 
Jensen et al., (1993) describe ECODATA as a “set of relational 
databases and analysis programs developed for environm enta l 
assessment and ecosystem analysis. This system contains a series 
of m ulti- in tensity sampling methods and databases that facilitate 
co n s is te n t and e ff ic ie n t d esc r ip t io ns  of va rious  ecosys tem  
components (e.g., vegetation, soil, streams, wildlife, and topography) 
at the site or plot sca le ."(p .203). The system also includes 
ecosystem analysis programs (ECOPAC) which access data and 
produce standard reports, statistical analyses, and summaries. The 
output can then be used to describe different types of classification 
(e .g ., ex is t ing  or p o ten tia l na tura l ve ge ta t ion ) in va rious  
c lass if ica tion  da tabases (ECOCLASS) (Jensen et al., 1993). 
Furthermore, the databases can be linked to digitized mapping 
system s and the information processed by various LANDPAC 
software programs for spatial analysis of ecosystem information.
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Since its inception e ight years ago, the ECODATA system has 
continued to be refined and expanded to meet the diverse needs of 
user groups. Jensen et al., (1993) stated that the “first step in 
effects analysis is to ensure resource managers use common terms 
and databases when characterizing and analyzing the ecosystems 
they manage. Consequently, the primary objective in ECODATA 
development has been the creation of a platform for efficient and 
consistent environmental assessment.” (p.214). ECODATA has been 
designed so that it can be used by other agencies and organizations 
including The Nature Conservancy, National Park Service, Bureau of 
Land Management, and various universities.
During my interviews, several respondents both within the Northern 
Region of the Forest Service and in other organizations shared their 
opinions regarding ECODATA. One respondent said that ECODATA 
suffered from the problem of generality and loss of specifics. 
However, he did feel that the third generation of ECODATA is much 
improved over earlier versions.
Another respondent commented on the difficulty, time, and expense 
involved in converting data from other sources into ECODATA. To 
him, the question was not whether it was possible to convert data to 
ECODATA, but whether or not it was worth it. He questioned how the 
data would be used. Large amounts of money are being spent to 
convert data, yet, the agencies and organizations have not entered 
the realm of analysis. He pointed out that “ it is difficult enough to
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figure out how to partition landscapes and classify them but the 
bigger question is what to do with the information.” (Cooper, 1994).
One respondent questioned the level of expertise of the field people 
who must gather the large amounts of data required by the ECODATA 
system. In general, respondents felt that ECODATA was good in 
concept but tha t there are shortcom ings associa ted with the
approach. Most of the critic isms were aimed at the sampling
procedure aspect of ECODATA: (1) too general: (2) required too much 
of inexperienced field work teams; (3) not enough in-depth sampling; 
and (4) poorly  p laced p lo ts (e.g., d if f icu lt  to access, not
representative of site conditions).
Four of the respondents advocated the development and use of 
vegetation classification systems that are as simple as possible. In 
their opinion, multip le simple c lassification systems make more 
sense than relying upon one single, complex classification scheme. 
Dr. Hann responded that both approaches are necessary. He used the 
example of the Upper Columbia River Basin Project with which 
multiple agencies (state and federal) and private conservation
organizations are involved. Field work teams gather information on 
10-15 quick variables such as cover type, size class, and canopy 
closure. The goal is to accumulate large amounts of data and 
develop an accurate legend for the maps that are being produced 
(Hann, 1994). In addition to this approach, detailed field work 
accompanies the structural and ecological land unit classification 
effort. This includes gathering detailed plot information such as
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full species lists and other in-depth information. Few of these plots 
{probably 3-5 plots) will be done in a given structural stage of an 
ecological land unit (Hann, 1994).
The question of simple versus complex vegetation classification 
systems will probably never be resolved and perhaps is not worth 
arguing about. All of the respondents stressed the fact that there is 
no one "best system ” , rather there are different approaches that 
meet the diverse needs of users. The debate over whose system is 
best contr ibu tes to the contentious academ ic and professional 
wrangling that continues to hamper cooperative efforts. Academic 
and professional wrangling were cited by three of the respondents 
as a major obstacle. The inability of individuals to agree upon 
common de fin it ions  and term ino logy surrounding the issue of 
biodiversity was also mentioned by three people.
C lassification schem e shou ld  be h ierarch ica l and include d iffe rent 
levels o f resolution
Four out of eighteen respondents emphasized the requirement that 
the c lass if ica tion  scheme should be h ie rarch ica l and include 
different levels of resolution. Brown et al., (1980) state that;
most c lassifications, moreover, are nonhierarchical or 
only partia lly  h ierarchical and, therefore, not readily 
subject to expansion and field modification. This has 
resulted in resource management agencies combining and 
adapting various partial c lassification systems. The 
re su lt  is th a t no s ta n d a rd ize d  sys tem  tha t is
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satisfactory is presently in effect within regions, much 
less throughout North America. (p.1).
An exam ple  of a h ierarchica l vegetation c lass ifica tion  scheme 
currently in use is the system developed for Alaska by Viereck et al., 
(1992). This system was mentioned by several of the respondents as 
an excellent model for Montana and Idaho. The Alaska classification 
was used by Craighead et al., (1988) to map a 33,768 square 
k ilom eter (13,034 square miles) area of Arctic  vegeta tion  In 
Northwest Alaska using the Landsat multispectral scanning system 
(MSS). Derek Craighead (1994) one of the principal investigators, 
e x p re s s e d  h is  s a t is fa c t io n  w ith  the  A la ska  V e g e ta t io n  
C lass ifica tion  system. Craighead et al., (1988) predicts and 
encourages that, “as other ecosystems are digita lly mapped and 
bo tan ica lly  described, a s tandard ized  sys tem atic  c lass if ica tion  
system can be developed for ecosystems around the world.” (p.496).
The A laska  V ege ta tion  C lass if ica t io n  System  (1992) is a 
h ie ra rch ica l c lass if ica t ion  con ta in ing  units at five leve ls  of 
reso lu tion :
Level I: The broadest, most generalized level consists of
forest, scrub, and herbaceous.
Level ll-IV : Represent intermediate levels of resolution. The
number of units in these levels are as follows: 
level II contains 11 units: level III, 30 units; level 
IV, 146 units; and level V, 888 units.
Level V: The finest level of resolution. This level consists
of discrete plant communities.
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Appendix J includes an exerpt from the Alaska classification as an 
example of Its hierarchical structure.
The system is designed to classify existing vegetation, not potential
vegeta tion . V iereck et al. chose this focus in part because 
inadequate information existed on the successional relations and 
pathways of vegetation types in Alaska. The classification includes
a review of the vegetation classification work done in Alaska, the
hierarchical system, a detailed description of all five levels of the 
system in tabular form, and a detailed written description of levels 
l - IV .
The A laska system is described by the authors as a "pure 
classification system; that is, one based, as much as possible, on 
the characteris tics of the vegetation itse lf...Our c lassifica tion is 
based on all the plants at any location-the relative abundance of 
individual plant species.” (p.2).
The Heritage Program of The Nature Conservancy is presently 
working to develop a vegetation classification system for Montana. 
According to the interviewees involved in this effort, the Heritage 
Program is favoring an approach similar to that used in the Alaska 
Vegetation Classification System (Cooper and Hall, 1994).
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C lass ifica tion  schem e shou ld  inc lude be tte r in form ation  on non­
forested lands
The sentim ent of four of the eighteen respondents was that our 
present level of knowledge of non-forested lands is inadequate and 
needs to be improved. The vegetation of the Northern Rockies 
consists of a mosaic of forest, shrubland, and grassland. Vegetation 
c lass if ica tion  efforts  have most focused on identify ing a few 
commercially valuable plants. Muegglar and Stewart (1980) note 
that, “Little consideration has been given to the successional status 
of the existing vegetation or to the potential productiv ity of the 
environment as reflected by the climax vegetation...Development of 
habitat type classifications for nonforested wildland has progressed 
more slowly than that for forested land.” (p.1).
Cooperation between agencies, organizations, and research 
institutions and coordination of efforts
The issue of cooperation and coordination among users of vegetation
classification systems produced ambiguous responses. The issues
and concerns raised by the interviewees are sim ilar to those
mentioned when they were questioned regarding the possibility of
standardization of vegetation classification schemes. In general,
respondents agreed that better cooperation and coordination are
desirable and necessary but they remained skeptical that the issues
will be resolved anytime soon.
The general tone of the respondents was that cooperation and 
coordination will inevitably evolve as a consequence of changes 
occurring within agencies. Increased dependence on GIS, the shift
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towards ecosystem  management, and the economic reality that 
agencies and organ iza tions can no longer afford to maintain
disparate approaches were cited as forces leading to increasing 
levels of cooperation. There was a general feeling among the 
respondents that such changes will “happen when they happened” and 
that little can be done to expedite change.
The call to unify various aspects of vegeta tion  c lass ifica tion  
efforts to facilita te communication, coordination, and cooperation 
has been given by many people. The efforts of Driscoll et al., (1984)
to produce a standardized land classification system is a classic
example of a large-scale, multi-agency cooperative project. It
involved the U.S. Department of Agriculture’s Forest Service and Soil 
Conservation Service and the U.S. Department of Interior’s Fish and 
Wildlife Service, Bureau of Land Management, Geological Survey, and 
the National G overnor’s Association Council of State Planning 
Agencies.
Three independen t h ie ra rch ies  were inc luded: (1) Potentia l
Vegetation, (2) Soil Taxonomy, and (3) Landform. The system was 
primarily designed so that inventory data could be aggregated 
upward into higher levels in linked or unlinked hierarchies. Although 
the document went through multiple reviews, the final project met 
with considerable resistance by those within the agencies that felt 
their needs had not been addressed (Pfister, 1991). Although the 
system might be useful for basic inventory needs, the National Land 
Classification did not adequately address mapping needs.
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Despite the time and money that was devoted to this endeavor, the 
system never gained popularity. In fact, the Forest Service (one of 
the lead agencies) rejected the final product. Several of the 
interv iewees mentioned the failure of th is multi-agency initiative 
as emblematic of the problems associated with trying to introduce 
standardization into the realm of vegetation classification. Even 
though the agencies were involved in the effort from its inception, 
they often could not abide by the system that was developed and 
reverted back to their “parochial” approaches. As Pfister (1991) 
writes, "most regions simply proceeded with land mapping according 
to their regional procedures...The proposed integrated methods have 
not been widely accepted. Even today, individuals are interpreting 
the landscape independently by habitat types, soil types, range sites, 
landforms or remote sensing.” (p.12).
There was concern among most of the respondents that the effort to 
standardize would rob regional classification systems of the ability 
to capture variation. One respondent voiced this concern by noting 
that the important layer of information for most land management 
decisions affecting native biodiversity is at the lower levels of the 
hierarchy, where variation is important and hard to capture on the 
level of large scale, standardized vegetation classification schemes.
Currently, there is an effort underway by The Nature Conservancy, 
National Biological Survey, and National Gap Analysis Program to 
pull toge ther a single consolidated list of cover types for the
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western United States. The cover types (not species) would have the 
same elements and be defined consistently (Jennings, 1994).
Institutional barriers such as unequal distribution of funding, lack 
of t ru s t  be tw een and w ith in  groups, and d iffe r ing  agency 
ph ilosoph ies  were m entioned as major underlying barriers to 
cooperation. The most common observation among the respondents 
was that it is not economically feasible to develop and implement a 
classification system that will be acceptable to all user groups. 
The amount of money and technological support for such an effort, 
given the assumption that consensus could be reached, would be 
prohibitive. One respondent observed that there would have to be 
comprom ise:
We just don ’t have the money to take the Northern 
Rockies from Canada to the Colorado border and know 
where every bush is. On the other hand, the agencies 
have the propensity to stay at too coarse a level...We are 
going to have to pick some level that takes care of a 
variety of our problems but not all of them. When you get 
to the level of rare elements in the landscape, trying to 
rem ote  census  tha t in fo rm a tion  w o n ’t w o rk ...The  
resolution depends upon the scale you want to look at. 
(Ruediger, 1993)
The irony is that the lack of coordination and cooperation in itself 
adds hidden costs both in time and money (Jensen et al., 1993). 
R esponden ts  were  able to iden tify  reasons fo r inadequa te  
cooperation and coordination much more readily than they could 
suggest so lu tions. H owever, they did make some spec ific
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suggestions that could help bridge the gap between agencies and 
organizations. These suggestions are d iscussed in more detail 
below.
Develop common databases and coordinate data collection methods 
Sharing information via the development of common databases would 
be a positive step toward increasing d ia logue and cooperation 
between organizations and agencies. It would also increase the 
accessibility of information to the general public. One respondent 
was adamant regarding the public’s right to know what data has been 
collected on the public lands.
Developing communal databases could also encourage the sharing of 
information and coordination of research efforts. The present work 
of the Northern Region of the Forest Service to promote the use of 
ECODATA and related databases is one example. Another widely used 
resource is the inventory and monitoring information available 
through the Nature Conservancy’s Heritage Program. This resource 
was cited as valuable by respondents working for the Forest Service 
(Christensen, Evenden, Ruediger), National Park Service (Kurth), and 
the Bureau of Land Management (Hirschenberger). Six respondents 
spoke highly of Roly Redmond’s work for the U.S. Fish and Wildlife 
Service 's Gap Analysis Program which they felt was helping to 
bridge the gap by Incorporating information from other research 
efforts (e.g., The Nature Conservancy, the neotropical migratory bird 
study) to develop a map of current vegetation for the state of 
Montana.
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Increase the role o f peer and scientific review
Three respondents felt that the peer review process should play a 
pivotal role in all stages of the vegetation classification process. 
Michael Jennings, U.S. Fish and Wildlife Biologist and Coordinator for 
the National Gap Analysis Program, stated emphatically his feeling 
on this subject. He sees a need to implement a standing committee 
through the Ecological Society of America (ESA) which would work 
on issues related to c lassification within a professional society. 
The ESA com m ittee would serve as the vehicle for building 
consensus among professionals and establishing a forum in which 
differences can be addressed. In doing so, Jennings sees a way to 
deve lop a comm on language for describ ing  such factors as 
disturbance regimes and natural processes at the landscape level, 
resolv ing academ ic wrangling , and deve lop ing a system atic  
approach that deals with structura l and taxonom ic aspects of 
vegetation classification (Jennings, 1994).
Dr. Pfister made a related observation regarding the necessity of the 
peer review process. He believes that many classification systems 
have failed to gain recognition and widespread acceptance because 
they are not published in the scientific literature and subjected to 
peer review. It is not sufficient that the information is published in 
government documents: it needs to be circulated among a wider 
audience.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
77
The Alaska Classification System is good example of an approach 
that was subjected to intense peer review. The Alaska system took 
fifteen years to develop and went through several major revisions. 
The classification was widely circulated and workshops were held 
around the state to gather input from interested parties.
Use technolog ies such as GIS as a tool to facilita te  cooperative  
e f f o r t s
Evaluating land m anagem ent activ it ies at the landscape level 
requires that agencies look beyond their jurisdictional boundaries 
and work with other agencies, organizations, and individuals to 
forge cooperative efforts. For many of the respondents, GIS and 
satellite imagery, seem like the logical rallying points upon which 
to focus cooperative efforts. Six of the respondents, however, were 
skeptical about the ability of the land managers to make the 
“quantum leap to landscape conservation.”
One of the main advantages of GIS is that it is considered more 
“o b je c t iv e ” than tra d it io n a l vege ta tion  c lass if ica t ion  ana lys is  
techniques. The techno log ica l approach tends to reduce the 
trad it iona l sources of hum an-re la ted  va riab il ity  in the data. 
However, it is im portant to point out that a d ifferent set of 
variables influences the quality and accuracy of remotely sensed 
data. There is also controversy regarding the way that satellite 
images are analysed and the extent to which the data is ground 
tru thed .
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The "garbage in garbage out” quandary is a real concern especially 
when data from a varie ty  of sources (e.g., historical records, 
existing vegetation maps, and other research efforts) are combined 
to produce data layers (Pennisi, 1993). Developing consensus among 
users and s tandards of qua lity  control are an important and 
potentially rewarding areas that should be pursued.
Standardization of vegetation ciassification schemes
Responses to this question were similar to those regarding the 
potential for cooperation and coordination between user groups. 
This make sense because the two areas are closely linked; without 
co op e ra tion  and co o rd in a t io n  it is im poss ib le  to deve lop
standard ized  approaches tha t are acceptab le  to the various
concerned parties. Despite the pessimism expressed by seven of the 
in terv iew ees regard ing the like lihood of deve lop ing a w idely
accepted standardized approach eleven respondents felt that certain 
aspects of vegetation classification efforts should be standardized.
At the forefront of many people’s minds is the role that technology 
should play in classification and mapping of vegetation. Some 
welcome the technology as a means to handle large amounts of data 
in a more objective  and cost e ffic ient manner, as a tool for 
improving communication among and within agencies, and as a 
valuable tool to survey large tracts of land. Others are more
skeptical and feel that GIS, models, and complex databases are the 
newest “techno toys” .
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These respondents do not reject the emerging technologies, but they 
question the degree that we can rely upon technology to solve the 
complex problems we face. A concern voiced by four respondents 
was the problem of getting caught up in science for science's sake.
Focus efforts on the standardization o f data collection ra ther than 
upon the classification stage.
This point reiterates the feeling among most of the respondents that 
there is no one "best system” and that given the variety of user 
needs and objectives it is futile to try to foist a system upon land 
managers and other user groups. The respondents fe lt a more 
constructive approach would be to work toward the development of 
agreed upon data collection techniques. Dr. Hann (1994) felt that 
some of the biggest differences occur in the descriptive data (e.g., 
plot data, average cover, leaf area index) that is collected on site 
conditions. The Northern Region of the Forest Service is hoping that 
ECODATA can help remedy this problem.
Emerging technologies
Most of the points regarding emerging technologies have already 
been addressed in previous sections. However, an interesting 
observation that was made by two respondents is worth mentioning. 
Both felt that GIS and other technologies hold great promise for 
helping address landscape level management problems. However, 
they felt that this potential is not being realized because of internal 
agency resistance. This resistance was identified as a form of 
denial on the part of agency personnel based upon the possibility
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that remotely sensed data and GIS could be used to elucidate agency 
m ism anagem en t of pub lic  lands, e.g., overharvesting , fo res t 
fragmentation, and misrepresentation of the available timber base.
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- CHAPTER 5 -
CONCLUSION
It should be understood that land classification and mapping call for specialized 
techniques, good judgement, honest execution, and scientific knowledge.
-Bailey et al. (1978)
It is not enough to understand the natural world: the point is to defend and preserve it.
-Edward Abbey
The Role of Vegetation C lassification Systems: P rom ises and 
Challenges
I began this paper with the assumption that a properly designed 
vegetation classification system could be used as a tool for helping 
to maintain native biodiversity. Based upon my interviews and 
research, I conclude that this assumption is partly true and partly 
false. It is true for the reasons outlined below that vegetation 
c la ss if ica t io n  sys tem s have a leg it im a te  role to p lay in 
conservation efforts. However, it is not true that one vegetation 
classification system can satisfy the needs of all users and meet 
the objectives of all research projects.
Evaluation of vegeta tion  at the landscape level, fo r example, 
invo lves  d if fe re n t spa tia l and tem pora l cons ide ra t ions  than 
evaluation at the community level. It is not appropriate, desirable, 
or rea lis tic  to expect one classification system to work across 
these diverse levels of analysis. There are, however, certain 
elements that should be included in any vegetation classification
81
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system des igned to play a role in conservation of b io logical 
diversity. In Chapter Six, I define some of these elements.
At the beginning of this paper I posed two specific questions. These 
questions were: (1) What are the various conceptual and practical 
reasons for developing a vegetation classification system? and (2) 
What elements should a vegetation classification system contain if 
it is to m eet the ob jective  of help ing to m ain ta in  native 
biodiversity? In formulating answers to these questions, I have 
managed to generate additional, and more complicated questions, as 
w e l l .
Vegetation classification plays a definite role in the development of 
conserva tion  s tra teg ies  that can aid in the m ain tenance of 
biodiversity. Conceptually, the vegetation classification process is 
essen tia l to ordering  in form ation and making sense of the 
complexity of the natural world. From a practical standpoint, in 
terms of b iodiversity, it is essential that we have organizational 
schemes that deal with vegetation for the following reasons: (1) 
vege ta tion  is one of the most tang ib le  rep resen ta tions  of 
ecosystems: (2) vegetation provides the habitat that most organisms 
rely upon for survival; (3) vegetation classification systems are 
necessary to identify and help protect various types of rare and 
endangered plant communities i.e., old growth, native prairies, and 
w e tlands .
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The evidence gathered during my interviews with land managers, 
biologists, ecologists, and others supports the claim that vegetation 
c lass if ica tion  system s play an im portant role in conservation 
efforts. Grizzly bear, neotropical migratory birds, and whitebark 
pine studies are all examples of work being done that relies on 
vegetation classification. Vegetation classification and analysis to 
determine the magnitude and rate of change due to human activities 
on the landscape level is another example of important studies now 
underway. However, it must be emphasized that vegetation 
c lass if ica tion  p e r so  does not protect native biodiversity, it can 
only provide the data upon which policy makers can base their 
decis ions.
It is not enough that techno log ica l advances and ecologica l 
understanding are contributing to the growing body of knowledge 
regarding ecological processes and function. Somehow, we must 
translate these advances into action. The potential for constructive 
action clearly exists. GIS technology, for example, can serve as a 
valuable tool for helping us see the big picture and for determining 
if certain kinds of m ismanagement are occurring on public and 
private lands.
However, GIS and remotely sensed information will not magically 
allow us to solve ecosystem level problems. Developing landscape 
level conservation prescriptions to protect bull trout, for example, 
will not be possible until fundamental shifts in management and 
po litica l reality occur. These shifts in turn, will be d iff icu lt to
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accom plish  w ithou t societa l approval. The real question  then 
becom es: Given the social, political, and econom ic constra in ts  
p laced upon conservation efforts, how can we most e ffective ly  
harness the in form ation derived from vege ta tion  c lass if ica tion  
system s so that we can meet the objective of maintaining native 
b iodiversity? In the final section of this professional paper I will 
address this question through specific recommendations.
The second question I asked was: What elements should a vegetation 
c lass if ica tion  system contain if it is to meet the ob jectives of 
helping to maintain native biodiversity? In order to determine what 
people wanted to see included in a classification scheme, I had to 
explore both the impediments to the development of such a system 
and the respondent’s suggestions for overcoming these barriers.
It is no secret tha t debates over the various approaches to 
classifying vegetation have often led to dissention which in turn has 
som etim es crippled cooperative efforts and constructive d ia logue 
among users. However, the users are not as far apart from one 
another either ideologically or in their research needs as they often 
perceive. There is room for healthy debate and multiple approaches. 
W hat there is not room for is proprietary research efforts and 
egotistical endeavors. During my interviews I was often struck by 
the fact that individuals concerned with similar issues and working 
on projects of similar scale often had no contact with each other.
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If the human race is truly in the midst of a biodiversity crisis as 
m any conserva tion is ts  contend, then it is im perative  that we 
carefully evaluate our options and determine how we can best stem 
the tide of habitat destruction and ecosystem simplification. If we 
choose to con tinue on the p resent course of academ ic and 
p ro fess iona l w rangling  and proprietary research efforts, we will 
expend an inordinate amount of time and money duplicating the work 
of others or possibly missing key issues entirely. If we are in fact 
entering  a new era of en ligh tenm ent heralded by ecosystem  
management, then developing vegetation classification systems that 
can be used across political and agency boundaries is essential.
It is d ifficu lt to develop a comprehensive vegetation classification 
system while attempting to provide information to policy makers 
who will in turn make crucial conservation decisions. In our haste 
to provide decision makers with information, there is the danger of 
relying too heavily on computer models, multi-resolution databases, 
and GIS. These technologies represent tools that can be used to 
handle large amounts of data, but the information generated from 
these sources must be critically evaluated and, in the case of CIS- 
generated vegetation maps, rigorously ground-truthed.
If we must err in our conservation strategies, let it be on the side of 
caution . One of the in terv iewees contended that the issues 
surrounding biodiversity were too subjective, “too va lues-oriented” , 
and that he preferred to remain in the scientific realm. On the
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con tra ry , all dec is ions regard ing natura l resources are va lue- 
oriented and cannot be treated otherwise.
In the final section of my professional paper I present key findings 
and recommendations. Although the findings and recommendations 
are based largely upon the suggestions and comments made by the 
interviewees, they reflect my impressions of the issue, not those of 
any of the individual respondents. While I believe there is merit in 
all the solutions offered by the respondents, I have focused on a 
selected number of topics that I hope will facilitate the process of 
getting people together to discuss the various issues surrounding 
vegetation c lassifica tion systems.
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KEY FINDINGS AND RECOMMENDATIONS
Below is a list of key findings and recommendations:
1. It is neither possible nor desirable to expect one vegetation 
classification system to meet the needs of all user groups. Picking 
the appropria te vegetation classification system is dependent on 
such factors as scale, funding, time, goals of the user, and project 
objectives. However, the requirement for specific ity based upon 
user needs does not preclude the deve lopm ent of s tandards, 
g u id e l in e s ,  and c r ite r ia  d e s ig ne d  to im p rove  v e g e ta t io n  
c lass if ica tion  systems.
2. People involved in the use and the development of vegetation 
classification systems need to set clear goals, i.e. What do we want 
our c lass if ica t ion  system  to accom plish?  GIS and re la ted 
technologies are limited in the type of information they can provide. 
The limitations of GIS must be acknowledged and remotely sensed 
data  m ust be rigorously ground-tru thed by tra ined fie ld  crews. 
Concerned researchers and land managers must work together to 
develop acceptable guidelines to ensure that remotely sensed data is 
used responsibly.
3. There are areas of consensus among users which could yield 
im provem ents in current vegetation classification efforts. People
87
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invo lved  in the deve lopm ent and im plem entation of vegetation 
c lassification schemes must improve communication so as to avoid 
repetitive and inefficient use of time and funding. While no single 
vegetation classification system can meet all user needs, there is 
the poss ib il ity  o f deve lop ing  a core group of com plem entary  
c lass ifica tion  e ffo rts  that address d ifferent temporal and spatial 
scales. Vegetation classification systems designed to aid in the 
m a in te n a n ce  of b io d iv e rs ity  shou ld  inc lude  the fo l lo w in g  
components:
Structure: Current classification efforts do not adequately portray 
structural characteristics of the vegetation. At both the fine scale 
(community level) and the coarse scale (landscape level) there is 
consensus among users that this aspect of vegetation classification 
effort needs to be developed. Inclusion of structural characteristics 
are scale-dependent. Efforts are currently underway to develop 
vege ta tion  c lass if ica tion  schem es that inc lude in form ation  on 
structure. Therefore, the time is right to develop structural criteria 
for d ifferent classification approaches that accomodate the needs of 
a varie ty of users. Interested individuals should meet to discuss 
th is  top ic  and form a task force to determ ine w ha t type of 
s truc tu ra l in form ation should be included. Specific  input from 
biologists should be collected.
Existing vegetation: Land managers, ecologists, researchers, and 
policy makers all agree that we need to develop more comprehensive 
classification approaches that deal with serai vegetation as well as
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climax vegetation. Current efforts are underway and examples of 
systems in use in other parts of the country already exist: the 
Nature Conservancy is currently working with the U.S. Fish and 
W ild life  Service to develop a national h ierarchical c lassifica tion 
that describes vegetation cover types, compatible at the series level 
with existing reg ional and national c lass ifica tion  system s; the 
Heritage Program of Montana is in the m idst of developing a 
classification system similar to that used in Alaska (Viereck et al., 
1992); Dr. Pfister and others are working to modify habitat typing to 
better address successional vegetation and structural stages. These 
are jus t a few exam ples of the c lassifica tion efforts currently  
underway that address classification of existing vegetation.
Specific organizations and agencies should work to become involved 
with ongoing e ffo rts  rather than in itiating the ir own, separate  
efforts. In order to facilitate this, an open letter should be sent to 
the va rious  ind iv iduals interviewed for this pro fess ional paper 
inviting them to participate in a series of work sessions. One of 
these work sessions would specifically focus on a d iscussion of 
o n g o in g  e ffo r ts  and inc lude  an o p p o r tu n ity  fo r  d if fe re n t  
organizations and agencies to "plug in" to ongoing efforts.
Develop Descriptors: Vegetation maps are commonly constructed 
from remotely sensed data (the Gap Analysis approach described in 
Appendix I is a good example). The distribution of animal species 
(usually designated as presence/absence) is then predicted based 
upon the known association between the animal species and the
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vege ta tion  types. A shortcom ing common to most vegetation 
c lass if ica tion  systems is that no information on the qua lity  of 
habitat is included. Currently, there are no widely accepted habitat 
desrip tors or habitat quality rating system that can be used in 
con junction  with vegeta tion  classifica tion. The deve lopm ent of 
h a b ita t  d e s c r ip to rs  th a t cou ld  be inc lu de d  in ve g e ta t io n  
classification system for wildlife purposes would be advantageous.
Standardization: Most respondents negatively perceive efforts to 
standardize vegetation classification. Some feel that they would be 
forced to submit to outside interests while others feel strongly that 
s tandard ization by defin ition implies a reduction of standards to 
some unspecified lowest common denominator.
Although respondents were resistant to the idea of standardization 
of vegetation classification systems, four felt that standardization 
of data collection techniques was necessary. The main objective 
would be to create uniformity and improve compatib ility of data. 
Areas that could greatly benefit from standardization include:
- Standardization of map legends (colors, symbols, descriptors)
- Reporting of technical information (type of GIS technology used)
- Standardization of information regarding plot samples (including
GPS coordinates)
S ta n d a rd iz a t io n  does not mean forcing people to accept something 
they don't want. On the contrary, it means gathering people together
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
91
to identify how to improve the systems to better meet user needs. 
Developing acceptable standards for gathering descriptive data on 
vegetation plots, insuring that ground truthing of remotely sensed 
data is adequate, and requiring that researchers contribute their 
data to common data bases and the development of coordinated 
inventories are all areas that should be addressed.
Agencies and organizations should develop and publish manuals that 
help translate information among classification schemes. An effort 
by G e bh a rd t et a l., (1990) en tit led  "R iparian  and W etland 
C lassification Review" is one example in which the researchers 
system atica lly  evaluate various riparian and wetland classification 
systems. This type of work would help bridge the gap between the 
d ifferent c lassification systems and educate land managers about 
the d iffe rent systems available to them. Publications that allow 
land mangers to "crosswalk" between classification systems should 
be required of all agencies and organizations.
Tra in ing  and Education of Personnel: A genc ies  and
organizations must make the training and education of personnel a 
top priority. This includes getting experienced land managers back 
out in the field and involved in overseeing vegetation classification 
efforts. Money and time are required to insure that the information 
gathered is credible.
The lack of trus t regard ing the quality  of data is a major 
im ped im en t to deve lop ing coord inated e ffo rts . Agencies and
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organ izations should sponsor jo int training workshops and involve 
university students and faculty. One of the complaints voiced by 
respondents was that students are not receiving adequate training to 
prepare them for field work.
Responsibil ity  to contribute data to common databases;
Anyone who gathers data on vegetation should be required to 
contribute it to communal databases that will be set up through 
cooperative efforts. This requirement will break down the barriers 
both within and between agencies. It will also facilitate efforts to 
develop guidelines for standardizing data collection methods.
Offer work sessions: In terested parties could  be inv ited  to
attend a series of work sessions sponsored by a local conservation 
organization or other non-agency organization. An Initial inquiry to 
determine the degree of interest could be made by contacting people 
interviewed in my professional paper. If certain individuals express 
a high degree of interest, then a smaller organizational meeting 
could be held. It would be important that groups working on both 
small scale and large scale classification efforts should be included.
The goal of the work session would be to explore the potential for 
agencies and organizations to work together. The results of my 
professional paper could be used as a tool to bring people together to 
d iscuss various aspects of vegetation classification systems. The 
information included in the results and discussion sections could be
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presented in a condensed form that highlights areas of consensus 
and areas where consensus is needed.




A Summary of Kuchler's Method 
Structural Description of Vegetation
LIFE  FORM CATEGORIES
BASIC L IFE FORMS SPECIAL LIFE FORMS
Woody Plants Climbers (lianas) C
Broadtcaf evergreen B Stem succulents K
Broad leaf deciduous D Tuft plants T
Needleleaf evergreen E Bamboos V
Needlelcaf deciduous N Epiphytes X
Aphyllous O
Semideciduous (B + D) S LEAF CHARACTERISTICS
Mixed (D  + E) M hard (sclerophyll) h
Herbaceous plants soft w
Graminoids G succulent k
Forbs H large (>400cm^) 1
Lichens, mosses L small (<4cm^) s
STR UCTURAL CATEGORIES
Height (Stratification) 
8 = >35.0  metres 
7 = 20.0-35.0 metres 
6 = 10.0-20.0 metres 
5 =  5.0-10.0 metres 
4 =  2.0-5.0 metres 
3 = 0 .5-2 .0  metres 
2 = 0.1-0.5 metres 
I =  <0.1  metres
Coverage
c = continuous (> 7 5 Vo) 
i = interrupted (50-75Vo) 
p = parklike, in patches (25-50Vo) 
r = rare (6-25 Vo)
b = barely present, sporadic (l-5Vo) 
a = almost absent, extremely scarce 
(< lV o )
source: Kent and Coker (1992, p. 34).
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Appendix B
UNESCO's Structural-Eco logical Formation System







The vegetation units are listed in hierarchical order under each of 
the fo llow ing  seven fo rm ation  c lasses (M u e lle r-D o m bo is  and 
Ellenberg, 1974):
1. Closed forests
2. Woodlands or open forests
3. Scrub or scrubland
4. Dwarf-scrub and related units
5. Terrestrial herbaceous communities
6. Deserts and other sparsely vegetated areas
7. Aquatic plant formations
Terms referring to climate, soil, and landforms are included in the 
vege ta tion  nam es and de fin it ions, w he reve r they aid in the 
identification of the units. The units are based on the outward 
appearance of the stand and plant height characteristics
The UNESCO format has been modified in the United States to meet 
specific  needs. For example, in order to classify potential natural 
vegetation as a part of their effort to develop a standardized land
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class ifica tion  scheme for the United States, Driscoll et a l. ,(1984) 
modified the UNESCO approach by adding two lower levels: series  and 
a s s o c ia t io n .  Gap Analysis also builds on a modified version of 
UNESCO but is focused on the classification of existing vegetation. 
Therefore, Gap Analysis has added cover type and com m un ity  type  
which refer to existing vegetation (see d iagram  below). Gap 















Woodlands with Rounded 
Crowns
Junipenis occidentalis
Jimiperus occidentalis /  
Artemisia tridentata (the 
codominant species of the 
plant community by 
canopy layers)
UNESCO vegetation classification format.
source; Jennings (1993, p.3)
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Appendix C 
Habitat Typing: Montana Habitat Field Form
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4 . L a r is  o c c i d e n t a l i *
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PRVÏ
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c h o k e c h e rry
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\C K UASHA
ARNU
h a n e b e r ry 
wood* pus sy to e s  
w iId  s a r s a p a r i l la
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A m ic a  c o r J i f o l i a  
A th y rju m  f i l i i - f e m s n a  
8 a ls a m o r h i:a  s a g i t t a t a
ARGO h e a r t  l e a f  a r n ic a
ATFI la d y  fe r n
BASA a r r o w le a f  b a ls a ia ro o t
C le m a t is  p s e u d o a lp in a  ( *  t e n u i lo b a )  CLPS 
C l i n t o n i a  u n t f lo r a  CLÜN
E q u is e t tA  a rv e n s e  F.QAR
v i r g i n ' s  bower 
queencup b e a d l i l y  
c o m o n  h o r s e t a i l
FQU f i b r s e t a i l *  6 s c o u r in g  ru s k
CATR sw eet s ce n te d  b e d straw
CYDR______ oak fe r n _________________________
Equisotuos spp.
C a lIu rn  t r i f l o r u m  
Cym noçarpium  d r y o p te r is
S e n c c io  s t r e p t a n t h i f o l  ius  
S e n e c io  t r i a n g u l a r i s  
S m ila c in a  s t e l l a t a
SCST c l e f t - l e a f  g ro u n d s e l
5ETR a r r o w le a f  g ro u n d s e l
_^1 S T______S ta r r y  S o lo m o n 's  s e a l
S c re p to p u s  a m p le x if o l iu s  
T h a l ic t r u m  o c c id e n ta le  
V a le r ia n a  s it c h e n s is
V io la  o r b ic u la t a  
k e ro p h y llu m  te n a x
SIAM  
THOC 
VAS I "VIOR̂ 
XF.TF
tw is te d  s ta lk  
w e s te rn  meadowrue 
S i t k a  v a le r ia n
r o u n d 'le a v e d  v i o l e t  
b e a rg ra s s




source: Pfister and Lee (1978, p.20)
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Appendix C
Habitat Typing: Generalized Description of Forest Trees in 













FIGUfiE 3. ~-I>Ca t r ib u t  ion o f  fo x v e t trees  in  an area  o f  norfhuestem  Montana, 
Arrcws ehou the r e la t iv e  e le v a tio n a l range o f  each species; 
s o l id  p o rtio n  o f  the a rrou  in d ic a te s  where a species is  the 
p o te n tia l c lim ax and dashed p o rtio n  shows where i t  is  s e ra i.
alpine tundra
timberline M l  s.
ABIES LAStOCARPA SERIES
PICEA SERIES
PINUS CONTORT A SERIES Iclimax status uncertain)
PSEUDOTSUGAMENZIESII SERIES
PINUS FLEX I I I  S SERIES
grassland
FIGUFE 4 .— G eneralised d is tr ib u t io n  o f  fo re s t  trees  in  southwestern  
and s o u th -c e n tra l Montana. Arrows show the r e la t iv e  
e le v a t io n a l range o f  each species; s o l id  p o rtio n  o f  the  
arrow in d ic a te s  where a species is  the p o te n t ia l c lim ax  
and dashed p o rtio n  shows where i t  is  s e ra i,
source: Pfister and Lee (1978, p.8)
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Appendix D
British Columbia Biogeoclimatic Ecosystem Classification












source: Meidinger and Pojar (1991, p.18)
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Appendix E
Sample Cover Letter and Interview Questions
Mr. Dennis Grossman 
The Nature Conservancy 




I am writing my m aster’s thesis in environmental studies at the 
University of Montana. My goal is to begin to define attributes of a 
vege ta tion  c lass if ica tion  system to help inventory and p ro tect 
native biodiversity within Montana and Idaho. Most land managers, 
ecologists, and botanists agree that from an ecological, social, and 
po litica l s tandpo in t it is necessary to deve lop a practica l and 
applicable vegetation classification system.
A major part of my thesis is to interview people such as you who 
have a working understanding of the d iff icu lt ies  invo lved with 
classifying vegetation. I am interested in your thoughts regarding 
the deve lopm ent of a vegetation c lass ifica tion  system  tha t is
functional, comprehensive, and most importantly could be used by 
land managers and field scientists. I hope that you can help me 
compile a concrete list of suggestions of what the ideal vegetation 
c lass ifica tion  system should contain. I want to do this w ithout 
losing sight of the main objective of this classification scheme: A 
system  which will serve as a useful tool to help protect native 
b iod ivers ity  and augment efforts to develop long-term, landscape 
level conservation strategies.
Severa l conservation organizations have expressed interest in my
pro ject and I plan to share my results with them. The goal is to
fa c i l i ta te  the d eve lop m e n t and im p lem en ta t io n  of a usefu l
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vege ta tion  classification scheme. Your input is crucia l to th is 
process. Below are a list of interview questions I have included to 
give you an idea of the types of issues I am exploring. I thank you 
for taking time to consider these questions. I would like to meet 
with you in person and discuss your thoughts on these and perhaps 
other issues as well. I plan to call you early next week to schedule 
an appointment at your convenience. If you do not have the time to 
meet with me (or hold a telephone interview), or feel that there is a 
more appropriate person for me to speak with, I’d appreciate you 
letting me know how best to reach that person. Again, thank you for 
spending the time to consider my questions and helping me complete 
my project.
S in ce re ly ,
Jenn ifer Ferenstein 
228 S. 3rd W. #2 
Missoula, MT 59801 
5 4 3 -0 0 7 9
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vegetation classification survey 
February 10, 1994 
Jennifer Ferenstein
Defin ing b iodivers ity:
W hile  there are d ive rgent v iews as to the exact meaning of 
biodiversity and the correct way to measure it, for the purpose of 
this discussion I have used the following definition:
B iodiversity refers to the variety and variability among living
organisms and the environments in which they occur and is
recogn ized at genetic, species, ecosystem  and landscape 
leve ls .
Please keep in mind that the purpose of this interview is to get your 
thoughts on how to develop a vegetation classification system that 
can be used as a tool to inventory and maintain native biodiversity.
INTERVIEW QUESTIONS
1. What information (such as landscape type, basic geographical and 
soil conditions [substrate, soil texture, and soil type, water regime, 
chem ical properties] c limatic data [climate type, average annual 
tem pera tu re  and precip itation, specific c limatic re lations]) should
be incorporated into the vegetation classification scheme? How?
2. Recognizing that different people are working at different scales 
how do you think we can best develop a classification system that is 
flexible and can accommodate the needs of specific users?
3. How should the classification system be structured? If the
classification system is to be hierarchical, what are the appropriate 
levels of resolution?
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vegetation classification survey 
February 10, 1994 
Jennifer Ferenstein
4. How can we incorporate temporal factors and m anagem ent 
effects on ecosystems, e.g. fire, logging, roads into a classification 
scheme?
5. In your view, what are the biggest obstacles to developing a 
vegetation c lass ifica tion system.
6. Do you see any value for a new vegetation classification system 
that is acceptable to state and federal agencies, university and 
priva te  users? W hat are biggest obstac les to deve lop ing  a 
coordinated approach?
7. Who should collect information? How should the information be 
stored? How do you feel about the idea of developing a common 
database in which the information would be availab le to many 
d ifferent agencies and private organizations?
8. What do you see as the role of GIS technology in developing the 
“ ideal" vegetation classification system?
9. Have you, or are you, involved in work which requires the use of a 
vegetation classification system? If yes, what is the objective of 
your pro ject what classification scheme(s) have you, or are you 
us ing?
10. Have they been satisfactory, why/why not? Are you conducting 
field work, what type? Remote sensing, literature review, etc.
11. Do you see value in developing a regional vegeta tion  
c lassification system that is complementary to and compatible with 
adjacent regions (biomes) and is a subset of a national or global 
c lass if ica tion  schem e?
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Identification of main obstacles to developing a useful 
c la s s if ic a t io n  system
So many d iffe rent vegetation classification systems it may 
not be possible to come to a consensus (among agencies)
D iff icu lty  try ing  to capture the de ta il/ in fo rm ation  in one 
sys tem
C on trove rsy  su rround ing  c lim ax com m un it ies  and sera i 
(existing vegetation). Need to work toward classifying serai 
c o m m u n it ie s
Certa in  com m unity  types have not yet been adequate ly  
described
Have to find better ways to educate people on how to use 
c lass ifica tion  schemes
"Unfriendly" nature of UNESCO-too academic, too global
Land managers are too busy/overworked to take the time to 
learn "academic” vegetation classification systems. They don't 
see relevance in the hierarchical approach.
Problem  coming to an agreem ent about how to define 
b io d iv e rs i ty
Land m anagem ent is po lit ica lly  driven. Political d iv is ion 
precludes landscape level management decisions.
Large areas (in Montana and ldaho)that haven’t been classified 
using habitat typing or any other method
Incredible range in the quality and detail of the vegetation 
information that's been gathered over the last 20 years
Agencies have been proprietary with their information
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Agencies have had a problem training people to adequately 
identify plant species
U n c le a r  how  in fo rm a t io n  g a th e re d  from  v e g e ta t io n  
classication will be used. We gather information but we don ’t 
know what to do with it. We haven’t yet entered the realm of 
a n a lys is
Habita t typ ing is an inadequate portrayal of serai stages 
and/or structural stages of vegetation
Habitat typing can ’t capture variability
In tra-agency riva lries
Generation gap in agencies. Many people are unfamiliar with 
new technologies and hierarchy theory
Many agency people are in denial. They don ’t want to 
acknowledge that problems exist
Too much bureaucracy
Thematic mapping is not meeting needs regarding vegetation 
structure and ground cover
Not enough information on shrubs and transitory vegetation
Subjective nature of classification (depends upon who did it)
Problem working on private land
Lack of trust regarding data collected by others
N ot ve g e ta t io n  but the underly ing  causa l m echan ism  
(processes) that are important to understand
Management doesn’t care and/or have time to use vegetation 
c lassification systems of great detail. They are looking at 
broad cover types
Lack of personnel and computer resources
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No common language to discuss biodiversity 
P sych o lo g ica l and in s titu tio n a l b a rrie rs  are d if f ic u lt  to 
overcome. Generation gap in agency obstruct changes in the 
sys te m
There is no best system for classifying vegetation
Keep vegetation c lassification systems simple
Vegetation classification task forces and com m ittees agree on 
th ings but then the ir find ings are never c ircu la ted  and/or 
p u b lish e d , th e re fo re , t-he docum en ts  are not c r it ic a lly  
reviewed, widely accepted and do not get used
Top down approach (standardization efforts) is one of the 
b iggest im pedim ents
Problems with the quality of information being used (garbage 
in garbage out)
No system atic, taxonom ic approach for c lass ify ing  existing 
ve g e ta tio n
Coming up with a system that is agreeable to everyone would 
be too expensive to implement
Need to deal with underlying problems of uses of resources and 
number of people and stop relying on these indirect approaches
Academ ic wrangling and differences in opinion about what is 
the “best” system
Lack good term inology for discussing biodiversity
Most of our past work has been tied to econom ic concerns 
(unless you can graze It or cut it down we haven't been too 
interested in it)
Problem  capturing va riab ility  and when w e ’re ta lk ing  about 
b iodiversity that's the name of the game
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H abita t typing ignores and/or deva lues the vege ta tion  tha t
currently is on site
Tem ptation to play with fancy techno-toys
Trying to understand unique places tha t don 't f it  into the 
sys tem
Don’t have the time to do extensive surveys we are In the 
m idst of a crisis. We need to protect what we have left
Not enough trained people doing field work
Denial of land managers that problems and m ismanagement do 
e x is t
Academ ic wrangling - splitters versus lumpers 
Fighting for funding
No good ways to spatia lly  reference the vast am ounts of 
information we already have
Too much emphasis on potential natural vegetation
Need to focus on habitat fragmentation issues by looking at the 
level of human activities in the landscape
Trying to find a classification system that meets your needs- 
c o n s ta n tly  try in g  to f it  you r w ork  in to  an e x is tin g  
c lass ifica tion  schem e
Budget constra in ts
Finding trained people
Philosophical differences between agencies 
Incom patib ility  of vegetation data
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C om m unication  between agenc ies to look at pa tte rns  of 
existing vegetation in the landscape
Preferentia l in tra-agency funding
Incom patib ility of data gathered within and between agencies
Can’t agree (intra agency)
Budget constra in ts
Identification of elements that should be in a vegetation  
classif ication scheme for biodiversity
Need to look at potential natural vegetation and be able to 
model successional pathways in order to understand not only 
vege ta tion  but underly ing processes. There are so many 
possib le  serai stages that you need to be able to identify 
p o te n tia l
Need to inco rpo ra te  sera i com m un ities  into vege ta tion  
c la s s if ic a t io n
Use a hierarchical approach with d ifferent levels of resolution
Include structural aspects as outlined by UNESCO
Classify more plant species
More adequate portrayal of existing vegetation
More adequate portrayal of structural stages
M ode ling  of su cce ss io n a l pa thw ays {co m p le m e n ta ry  to 
c la s s if ic a tio n  e ffo rts )
In co rp o ra te  som e a b io tic  fa c to rs  a nd /o r in fo rm a tio n  on 
la n d fo rm s
Include major species and successional stage 
Better breakdown of grass, herb, and shrublands
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Add desriptor that indicates the qua lity  o f the vegetation as 
h a b ita t
S tructure (som ewhat im portant)
User friendly, needs to be specific  enough to meet specific 
needs
Need a common database
Look at existing vegetation not potential natural vegetation 
V egeta tion  s tructure
Include information on ground cover component
Need more information on shrub and transitory layers
Base upon Pfister’s work - it is well accepted and understood
Needs to be tied to remote sensing
Combination of remote sensing and existing vegetation
Possib ility  of including descriptors (quality of habitat)
Include information on down woody material and snags
S ta n d a rd iza tio n  o f da ta  ga the ring  ra th e r than a na lys is  
techn ique
Need to look at causal mechanisms that are driving the process 
ra the r than the vegeta tion  itse lf to deve lop and va lida te  
m odels of successional pathways
H ie ra rc h ic a l
Need to develop a complete ecological inventory 
Im portance of simulation models
Robust system in which information can be shared. W ork to 
standard ize data collection
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H ierarch ica l/m odula r approach tha t starts at basic level of 
organization that can be built upon (add in modifiers later)
Existing vegetation, not potential natural vegetation
Need to update system (depending on site history)
D escrip tors fo r structure
System atic approach
Common database
D on ’t com bine  po ten tia l natura l vege ta tion  c la ss ifica tio n s  
w ith existing  vegeta tion  c lass ifica tions
In terms of looking at vegetation in time and space we need to 
inc lude s truc tu ra l c lass ifica tion
Maybe can combine more than one simple classification scheme 
that incorporates such factors as age and size. Use multiple 
single class rather than one complex one
Instead of bu ild ing  a new c lass ifica tion  system  why not 
modify an existing one?
C lassifica tion  system cannot ignore the spatial aspect (must 
be com patible w/GIS)
S tru c tu ra l c la ss ifica tio n  th a t accounts fo r s ize, d ens ity , 
num ber of layers and incorporates them into an operational 
taxonom y used for inventory, communication, and mapping
S p e c ie s  co m p o s itio n , v e rtic a l s tru c tu re , d e n s ity , and 
som ething tha t indicates the stage of developm ent along the 
successional pathway
Keep classification as simple as possible
Existing vegetation
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S tructu ra l inform ation integrated w ith vegeta tion  com position  
to look at patterns in the landscape
Need to look at culturally modified landscape/habita t value 
Existing vegetation
Need to know som ething of potential natural vegetation and 
still take into account existing vegetation
U nderly ing  landform  charac te ris tics , som e aspects of site 
h istory (fire regimes, etc) in order to make predictions
Incorpora te  descrip to rs
More information on shrub component
C ollective  database
Tied to landforms or some other physiogeophical processes
Existing vegetation
S tru c tu re
Cooperation between agencies, organizations and research 
institutions and coordination of efforts
Lack of coordinated mandates and goals (RNAs)
Probably not economically ready at this point to go to the level 
of resolution desired by some people. On the other hand, the 
agencies have the propensity to work at too coarse of a level. 
Needs to be some compromise
Use the committee approach to bring people together 
Problem with lack of trust re; quality of information
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Im portance  o f peer and sc ien tific  rev iew  (invo lve  people 
outside of the agency)
Techno logy w ill help pull it toge ther and allow  a unified 
c lass ifica tion  system to emerge
Responsibility to gather data and make it available to others.
Use ECODATA to foster cooperation between agencies and 
priva te  users
D e fin ite  need to deve lop a coo rd ina ted /coopera tive  e ffo rt 
w ithin agency (USFWS) -
Create a professional committee to oversee issues related to 
c la s s if ic a t io n .
O ffe r p ro fessional sym posia to educate people about w ha t’s 
a v a ila b le
Top down approach is one of the biggest impediments because 
people at the top have forgotten what its like in the field
Coming up with a system that is agreeable to everyone will be 
too expensive to produce
m petus fo r coopera tion  w ill come from  ou ts ide  o f the 
trad itiona l land m anagem ent agencies. The ERA w ill be a 
driving force. Certain agencies that are tied to habitat typing 
w ill res is t. The in te rface  w ill p robab ly  occu r at the 
university or interm ountain research station level.
D oesn’t see much more hope for cooperation than he did 10 
years ago
Likes the Heritage Program approach. Could be used more
GIS technology w ill fac ilita te  cooperative efforts by giving us 
the big picture
Collaboration among agencies is essential to hold down costs
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D oesn’t th ink it will work to try to get people to gather data 
fo r other than their own purposes. Factionalism  am ong the 
departm en ts  and inequ ity  in d is trib u tio n  o f m oney keeps 
barriers up. C lassification systems are picked and developed 
to m eet specific  purposes the data is not designed to be
co m p a tib le
Should be required to gather some core o f in form ation that 
could be entered into a common database
Lack of coord inated efforts are often a function of lack of
money
Issue of s tan d ard iza t io n  of vegeta t ion  c lass if ica t ion  
sch e m e s
So m any vege ta tion  c lass ifica tion  system s out there  and
academ ic w rangling is fierce. The Nature Conservancy is
b e g in n in g  to reach  co n se n su s  re g a rd in g  v e g e ta tio n  
c lassifica tion  approach (within its own organization). Doesn’t 
know  if w ill be poss ib le  to deve lop  system s th a t are
acceptable across agency boundaries
Not a big problem for us. Most of our e ffort go through the
Heritage Program. We are modifying habitat typing to meet our
needs
The drawback of standardization of GIS is that in order to get 
s im p lic ity  you lose de fin ition  and c la rity . Some sort of
standardization needs to occur.
We can ’t afford to send out big crews anymore so we are going 
to have to rely more on remote sensing. Therefore, we need to 
come up with standardized sampling procedure
Need quality control of GIS
We need to involve statitic ians in sam pling, e.g., how many 
plots do we need to ensure adequacy of ground truthing?
The whole idea of standardization of vegetation c lassifica tion  
is doomed to failure. Vegetation responds to the environm ent
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and the environment is a continuum . It w on ’t work trying to 
have one habitat scheme for Region 1 or the Northern Rockies
We hope (through ECODATA) to collect the information into a 
com m on database. There ’s been ta lk of s tandard ization  of 
vegetation c lassification at least in terms of m ethodology. I 
don ’t think it will happen
Vegetation c lass ifica tion  is subjective and based upon user 
needs. We w ill not be able to develop standardization that is 
acceptable across research groups
We should em phasize the standard ization of data gathering 
rather than analysis
5% of cost is analysis. Collection of data is much more. 
S tandardization of data collection is a really good first start. 
ECODATA is a good place to begin. Work to Improve ECODATA 
and to get cooperation between agencies and private lands: 
develop adaptive or coordinated inventories
Need to develop standards designed for biodiversity purposes
Develop common database
Standardization is too expensive. We’ll never develop a system 
that is acceptable to everyone
Standardization can’t meet the needs of individuals
We will come up with a standardized system. W e’ll fo llow the 
lead of ERA, USGS, SCS.
A high degree of standard ization w ill fo rce the loss of all 
local varia tion  in c lassifica tion  systems
It w ill boil down to a technical question. The standards will 
be w ritten by bureaucratic organizations. There is value in 
standardization but also losses
We need to understand the unique places in the landscape. We 
need vege ta tion  c la ss ifica tio n  system s tha t can cap tu re
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va ria b ility . Not possib le  to get th is  if the goa l is to 
s ta nd a rd ize
Roly Redmond’s (Gap Analysis) is w ork im portant because it 
c re a te s  co n s is te n cy  and co m m un ica tio n  a c ro ss  agency 
boundaries
Role of emerging technologies
Im p o rta n t ro le  fo r m ode ling  to d e lin e a te  su cce ss io n a l 
p a th w ays
Nothing really all that new about GIS jus t creating overlays 
for maps. All w e ’re doing is playing with GIS. I th ink a lot of 
people get hung up on fun toys. Really just the same old thing
There is value in GIS, it is a tool for doing new types of visual 
analysis. Gives us a better perspective on the bigger picture
Remote sensing of rare elements won’t work and will have to 
done on a site by site basis. We are going to have pick some 
level that takes care of a variety of our problems but not all of 
them
I do think a lot of our problems will be solved by technology. 
Need to look at d iffe re n t scales and d iffe re n t leve ls  of 
re s o lu tio n
Need common databases
Thematic Mapper (TM) is not giving us a real good look at what 
is in the understory. Need som ething more to deal w ith 
s tru c tu re
Although there are problems with remote sensing there is less 
va riab ility  than w ith trad itional methods of sampling.
In term s of vegetation for our work with grizzly bears we can 
get all the information we need from TM.
Need to field check
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
Need to acknow ledge tha t d iffe re nce s  in reso lu tion  are 
im portan t and separate the p ro ject level needs from  the 
landscape level needs
Stresses the importance of models. Focus on identifying the 
unde rly ing  p rocesses (causa l m echan ism s) and deve lop  
pred ictive  tools for determ in ing site potentia l (causal factors 
that are driving succession)
S im u la tion  m odels are ju s t as im po rtan t as vege ta tion  
c la s s if ic a t io n
People are relying too heavily on GIS. Although it is a good 
overall view to help summarize the landscape it has limits. It 
does not tell you exactly where you have a specific species
Doesn’t put much faith in models
Has strong reservations about the level of resolution possible 
w ith LANDS AT
R esolution on GIS not necessarily fine enough to pick up 
culturally modified landscape - it ends up getting lumped.
By using a vegetation classification system that incorporates 
structure and information displayed by GIS you can look at the 
question of adjacency - patterns of vegeta tion  - how they 
stand together structurally. Can look at corridors and barriers 
to movement
Believes that structural information can be gathered using GIS
Don’t know w hat inform ation exists until ground tru th ing  is 
done
It is really tempting to play with all the fancy toys. However, 
it is pretty empty knowledge unless we improve our ability to 
sta tistica lly predict what is happening on the ground
We are not improving our ability to analyse the inform ation. 
We s till d o n 't know w hat It m eans to have a ce rta in  
association let alone a combination of factors on the ground
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Need fieldwork there are not enough qualified people out in the 
f ie ld .
Just now beginning to solve problem s dealing w ith spatia lly  
referenced information. Still have too much information. Need 
to be constantly critica l.
Biggest problem is having to redigitize and update information.
GIS is useful in that it is a reasonable predictive tool but it’s 
more im portant to understand the natural history. There ’s no 
way to get good refinem ent especially species com position or 
understanding anom olies in the vegetation w ithout doing the 
sam pling .
GIS technology w ill help foster cooperation. It w ill enable us 
to look at big scales, opens the door for d iscussion, and cuts 
down on costs if we share information
C ollective database where core types of information could be 
stored should be developed
Vegetation classification systems most commonly cited by 
re s p o n d e n ts
The Heritage Program
UNESCO (Driscoll modified version)
Mattson and DeSpain (1985)
V iereck et al., (1992)
Gap Analysis 
ECODATA 
H ab ita t typ ing
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Troy Merrill Idaho Conservation 
Information Center
Gap analysis specialist
Michael Jennings USFWS Coordinator 
National Gap Analysis 
Program
Gap analysis specialist
Robert Pfister University of Montana Develop./implementation of 
vegetation class, systems
Chris Servheen USFWS-Coordinator 
Grizzly Bear Recovery 
Project
Endangered species manager
Penny Morgan University of Idaho Vegetation classification




Robert Keane USDA Intermoutain 
Research Station-Fire Lab
Classification and model 
development
Alan Christensen USDA PS Northern Region- 
Wildlife Program Manager
W ild life /h ab ita t 
land manger
Bernie Hall The Nature Conservancy- 
Conservation Director
Conservation












Bill Ruediger USDA FS Region One- 
Threatened, Endangered, 
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Manager
W ild life /h ab ita t 
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Tom Puchlerz USDA FS Region One- 
National Grizzly Bear 
Habitat Coordinator
W ild life /h ab ita t 
land manager
Roly Redmond USFWS Gap analysis specialist
Wendell Hann USDA FS Region One 
Ecologist
Landscape ecology dev./ and 
implementation of 
classification systems
Reed Noss Editor, Conservation Bio. Conservation biologist
James Habeck University of Montana Botanist
Laurie Kurth Glacier National Park Ecologist
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Appendix I
GIS, Satellite Imaging, and Gap Analysis Program
The fo llow ing discussion is adapted from an article by Scott et al., 
(19 93 ).
G eographic Information Systems
G eographic Inform ation System s (GIS) are com puting system s for 
the storage, d isplay, and analysis of spatial data. Remote sensing 
(e.g., aerial photographs, satellite  imagery) and mapping data (e.g., 
U.S. Geological Survey, U.S. Department of Agriculture Forest Service 
T im ber Survey maps, U.S. Fish and W ild life  S e rv ice ’s National 
W e tland  Inven to ry  map survey, U.S. E nvironm enta l P ro tection  
A g e n c y ’s Land-U se and Land-C over m aps) are sou rces  fo r 
inform ation that are used in GIS. One common use of GIS is the 
storage of data layers such as vegetation or soil type maps, which 
can be superimposed on other data layer for analysis.
Sate llite  Remote Sensing
The main sources of satellite imagery suitable for regional land-use 
and land-cover mapping are: LANDSAT Them atic Mapper (TM) and 
M ultispectra l Scanner (MSS) and Système Probatoire d ’Observation 
de la Terre (SPOT) imagery. There are advantages and disadvantages 
to the d iffe re n t sa te llites  as related to such factors as re lative 
costs, cartographic accuracy, and resolution. For example, TM costs 
4 tim es as much as MSS but offers a higher level of resolution.
The sa te llite  m easurem ents are acquired and stored in GIS and 
c la s s ifie d  by e ith e r supe rv ised  or unsuperv ised  c la ss ifica tio n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
124
techn iques. In supervised c lassifica tion , p ixels (the basic p icture 
e lem ent that represents the radiation reflected or em itted from the 
E a rth ’s surface) are assigned to land-use and land-cover classes 
based on spectra l p roperties  derived  from pre -se lected  tra in ing  
s ite s  (on -the -g rou nd  s ite s ). The a n a lys t in te ra c ts  w ith  the 
co m p u te r to c la ss ify  the im ages in te rm s of th e ir re flec ted  
m ultispectra l brightness values. In unsupervised classifica tion the 
p ixe ls are assigned to spectra l classes by the com puter through 
c luster ana lysis (grouped by sim ilar reflectance values). Then the 
spectra l c lasses are assigned to land-use and land-cover classes 
based on inform ation such as fie ld observation, aerial photographs, 
and existing maps. By averaging reflectance values of p ixels, a 
spectra l s ignature is obtained for each vegetation complex. After 
the p ixe ls  have been grouped, using e ither the superv ised or 
unsupervised approach (or a combination thereof), the pixel groups 
are ass igned a “fa lse ” co lor and d ig ita l, co lor coded maps are 
produced.
The Gap Analvsis Concept
Gap Analysis is a method of analysis for conservation evaluation of 
large areas. Gap Analysis relies on remote sensing of vegetation and 
the relationship of animal species to vegetation types to predict the 
d is tr ib u tio n  and cu rren t p ro tection status of b iod ive rs ity . Gap 
A na lys is  uses the d is tribu tion  o f vegetation types (m apped from  
sa te llite  imagery) and vertebrate and butterfly species as indicators 
of, or surrogates for, biodiversity. Scott et al., (1993) explain the 
u tility  of th is approach as follows:
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D ig ita l map overlays in a GIS are used to iden tify  
ind iv idua l species, spec ies-rich  areas, and vege ta tion  
types tha t are unrepresented  or underrep resen ted  in 
existing biodiversity management areas. Not a substitute 
fo r a d e ta ile d  b io lo g ica l in ve n to ry , G ap A n a lys is  
organizes existing survey information to identify areas of 
high biodiversity before they are further degraded (p. 7).
Gap Analvsis and Vegetation Classification
Vegeta tion  is one of the basic data layers of Gap Ana lysis and 
vege ta tion  maps provide the foundation fo r assessm ent of the 
d istribution of biodiversity. In order to meet the criteria set by Gap 
A n a ly s is , ve g e ta tio n  c la s s ific a tio n  sys tem s m ust share  the 
fo llo w in g  p rope rties :
1. Vegetation classes must be discrim inable in remotely sensed 
im agery and identifiable in large- to medium-scale aerial 
photographs.
2. Vegetation classes must correspond to or at least be compatible 
w ith  recognized vertebrate habitat c lassifica tion system s.
3. Vegetation classes must describe serai as well as climax 
ve g e ta tio n .
4. Vegetation classes used in Gap Analysis by adjacent states 
should be compatible to allow for regional and national analyses.
The Nature Conservancy is in the process of trying to reconcile the 
va rious vegetation classifica tion approaches to develop a national 
h ie ra rc h ic a l c la s s if ic a tio n  d e sc rib in g  ve g e ta tio n  co ve r types
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com patib le  at the series level w ith existing regional and national 
ve g e ta tio n  c lass ifica tions .
S cott e t al., (1993) em phasize the lim ita tions of Gap Analysis in 
the ir review  article, “We reiterate that Gap Analysis, as a coarse- 
filte r approach to conservation evaluation, is not a panacea for 
conserva tion  p lanne rs .” (p. 37). Some of these lim ita tions are 
sum m arized below:
1. Vegetation maps do not show habitats smaller than the minimum 
mapping unit. Thus, many important m icro-habitat elements such 
as meadows and wetlands in a forest matrix, are missed.
2. Vegetation maps do not portray stand age, except for the early 
successional stages of forests.
3. Boundaries between vegetation types along environmental 
gradients are seldom as sharp as implied by Gap Analysis.
Ecotones and subtle gradients must be identified by higher- 
reso lu tion  analysis.
4. Maps of predicted habitat distribution do not reflect habitat 
quality. Gap Analysis predicts the presence or absence of a 
species, not whether it is rare or common in a particular area. 
S ite-specific inventories are needed to provide abundance 
in fo rm a tio n .
5. We cannot overemphasize the need for field investigation before 
m anagem ent changes are made or biodiversity management areas 
are established. Field studies or high priority areas should not 
only confirm  the biodiversity values of the area, but should apply 
current concepts of conservation biology to the delineation of 
management unit boundaries and the development of m anagement 
p lans.
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Appendix J 
Alaska Vegetation Ciassification System
Level II Level III Level IV Level V








sake spnroe—occupies wet sees 
in soMlieastem Alaska, primarily 
alluvial Hood plains; occurs as a 
narrow coastal band in south- 
central Alaska and occupies much 
o l the forested area on Atognak 
Island.
Western hemlock—is  a widespread 
toresi lype m aoulheastern Alaska, 
usually wMh a  Siika spruce 
component.
Sitka spruce-western hemlock— 
occurs on moisi sees throughout 
southeaslern Alaska artd in a 
narrow coastal band m south- 
central A laska
Western hemlocti-Silka spruce- 
(western redcedar)—is a w ide­
spread toresi type m soulheasiem 
Alaska. II also occurs m a narrow 
coastal band m south-central 
Alaska. Western redcedar a  
present only south ol 57" N. lat.
Proea adehenstt-doiopanai hom O ut-nuùu* tp^cubH m /C om ut 
canadensrs (Alaback IM Ob. Manm and others 1*65. Neiland 
1 9 7 ta  Stephens and others 1969)
PictM  sdchensisOptOpanas Irn n d u i/L ys ich ilo n  amencanum 
(Martin and o itiers 1985)
A cea  srtchensrsOplppanair hom aus/Cav»»» a*)ma (Pawuk 
and Kissinger 1989)
Prcea s/tehensisiCalamagiostid makadnsis (Manm and others 1985)
rsuga h » t*n çh y t» /V a o o iw m  spp. (Fox 1983, Manm and others 
1985)
Tsug* herenkPhyfa'Vaooinium eppvDryoprer» drtataia (Manm and 
others 1985)
Tsuga hm uoçhylalV m xàm im  spp.-Qdopanax hom U n  (LaBau 
1981. Manm end others 1985)
rstrga heferppihydaOptppanax h o m iia  (Manm and others 1985)
Picea s ia h tfité -T tu fft heterophyKaiLysichrfon amereanurtt/ 
SpH*s/num  spp. (Atabadt 1980b, Neitand I9 7 la .  Stephens and 
others 1969)
Picea aHehtnais-Tsuga halm phyBa/Vacdm um  spp Wenawsia 
ferrugme# (Neiland 1971 a, Stephens and others 19691 
Picea siiehansis-fTsuga h im p h y lla fO p lo p a n a x  h om tu a f 
Lyaichton  amerscanvm (Manm and others 1985)
Prcea sHehmmo-CTsug* nelarophy8a//Vaocsnium sppvCWSPanair 
hom dut (Martin end others 1985)
Prcea sHehansà-fTêuga h ata roçtiytm f/V æ anium  spp. (tWanm 
and others 1985)
P «ea sitchensis-fTluga helerpph/*a//V'aoeirw<m spp^ys ichaon  
amencanum (DaMeo and others 1989)
rsuga hererpphythi-Picea ttehansa-rT hu ja  plicalm yV acdnum  appy  
B hytip iadaphu t lorm a  (Alatxack 1980b. Neiland 1971a Siepttens 
and others 1969)
Tsuga neterophyda-Picea sSehensa-f TTiupi phcafalÆysdheon 
ameneanumrSphagnum recurvum (Neiland 1971a)
Tsuga heterppny8a-(Picea sSehansisf/Vaoem um  sppyO plopana* 
hoftidus  (Manm and others 1985}
Tsuga hHarophyUa-fPieaa ssehansisfA^aoem um  spp./Lyschrron 
amencanum (Manin and others 1985)
source: Viereck et ai., (1992, p.15)
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ECODATA • Plot L*v*l Dotaba
Diagram of ECODATA plot scale databases stratified by six general types of sampling needs. 
Each box corresponds to a sampling methodology, field form, and relational database.
source: Jensen et al., (1993, p.205)
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E C O D A TA :
Appendix K 
Plot-sampling methods and databases
ECODATA Plot-Sampling Method* and Oatabaaea
Type o f data Sam pling method Deeerip lion
Basic site data Sample D escribes the types of sam ples collected at a plot.
Oaneral B road vegetation  and environm enta l site deecrip tors (e g  , elevation, aspect, 
tree cover, g round  cover, fuel loading). A lways used to describe a terrestrial 
plot.
Location and Linkage R equired inform ation fo r locating and link ing  a p lo t to  other databases (e.g., 
UTM coord inates, spectra l va lues, watershed ID. stand
Plant C om position Visual estim ates o f p lant cover, height, and eynecological inform ation for p lant 
species on a maeroploL
Com m ents U ser-specific com m ents concern ing a p lo t
D isturbance History In form ation concern ing the  d isturbance or treatm ent h istory of a  plot.
User Inform ation Generic sam pling  m ethod that accom m odates user specified o p tiona l data fields.
Replicated vegeta­
tion  data
Cover and Frequency Fo lia r cover and nested rooted frequency data are recorded by m icrop lots w ithin  
a  m acrop lo t sam pling uniL
Line Intercept In terception o f fo liar cover is recorded by species along line transects.
Density Density (ind iv iduals per unit area) is recorded by item (e.g.. p lant species, deer 
pellets) w ith in  belt transects or circular m icrop lots.
Production Q uantita tive biom ass estimates of ind iv idua l species (or groups of species) are 
fac ilita ted  by c lipp ing  and w eigh ing  plant matter w ith in  a series of m icroplots.
Point Cover G round cover (or p lan t species cove^ are recorded a long system atically located 
poin ts  o n  line transects.
Measured Down W ood Fuel load ings and decay classes of down w oody material are measured along 
line transects.
Tree data Tree Basic Uee attributes are recorded by species (e.g., increm ental growth, crown 
ratio, d isease status).
Estimated Down W ood Visual estim ates of fue l loadings and dow n w ood  biom ass are recorded.
Tree Cavity In form ation concern ing  tree cavity num ber, size, and shape are recorded by 
tree species.
Fire Effects The  fire effects present on  a m acroplot are recorded (e.g., duff consum ption, 
so il ox ida tion, scorch height).
Fire Scar The presence and tim ing  between fire events are recorded by tree fire scar 
measurements.
source: Jensen et al., (1993, p.205)
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